IREATISE 


ON 

MAGNETISM, 


"iwR Ahuci ft OtfOftH l^lffAn jn 
TH» SBIVhN'IU KDmON OP IKM 


ENCYOXOPJIBIA BRITANNICA 




■bintitsBi 



PREFACE. 


Xv drawing up the following Treatue fi>i the 
EwoTOiDPJUUABaiTakinaAf I Iuitb endeavoured to 
glVo a popular acooqnt of the adenoe of Mugnednn, 
and hate thd'efore omitted oil abvtrnae and dieore- 
tloal duouadoni of a mathetnalieal natitfe. The 
progrem of Inquiry In thla department of Fhjmca 
hu been ao ropldf and many (tf die moat important 
, diaQDveriea have Eieen so teoendy mode^ that it hoa 
been li^bPttr'qf no ordlm^ iklod to eoUeut theu: 
dotella ,9Qm> #id W4t4m In wUlcli 

4l|j|^ wk pubUdied. X have tberefbre been 
‘ , led to give a pretty ftdl aooount of the dlaeoverleq 
and raaeerqhea Ango, Barlow^ Becquerd, Blot^ 

' Oht<Mde» .Ooolombt Dalton, Duperecy, Krmait^ 

, Fdfi4efi Cadm^ Batda^ Hanatm, Bnok Haia4%' 
I ft w nil h el «hd Bebbag^ Humboldt Kater, BedpAf, 

I « 1 ^ 




whlflfa' W, bm> no aiabb .advqneed % die Britlah i 

I '' ' ‘‘‘if’, 

■ I a I I , 

' ' * I, ■ .« , , 

i! ' ' * V ( I I I ' 


PBEIAOI. 


and Fronoli OKpodltloiib of dtscarary, Um jonm^ 
to Sibono) undortiikon by Frolbawi nonatnen, luis 
boon uoalod at conudoiablo longtb) and, throngh 
tlio kindnovi of Profinsor Barlow, I bavo dio aotu 
liiouun of illublmtlDg this port of die snl^oat willi 
bik valnable dinrt of ibo mognoilo curves, oontauiing 
I lie rooonl obkorvatlous of Commander Ross, by which 
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TREATISE 


ON 

MAGNETISM. 


The word magnetism is derived from the Greek \yoTd 
iu> 06 ^y 9 )e, a name given to the loadstone or natitje magnet^ 
an ore of iron well known to the ancients. The term 
itself is said to be derived from one Magnes^ a 
Greek shepherd) who observed on Mount Ida the attractive 
power which the loadstone exercised upon his iron crook. 
The most probable supposition^ however, is, that it took 
its nazne from Mogne^ia^ a country in Lydia, where it 
was !fii*st discovered i and this conjecture is confirmed by 
the fact, that the magnet was often called by the ancients 
JLapis fferacleus, from Seraclea^ the capital of Magnesia. 

The science of magnetism treats of the phenomena 
exhibited by magnets, whether natural, like the loadstone, 
or artificial, like bars of steol to which magnetism has 
been permanently communicated ; of their reciprocal 
action upon each other $ of the laws of the forces which 
they develop ^ of the methods of making artificial mag- 
nets ; and o^ the magnetic phenomena exhibited by the 
globe which wc inhabit 

A 



TAEATISE on MAGNETIS1S^. 

In giving an account of this interesting science, wlucfi 
has made rapid progress in modern times, we shall adopt 
the following arrangement : 

1. On the history of magnetical discovery. 

2. On the generEd phenomena and principles of natural 

and artiheial magnetSi 

8. On the magnetism of bodies not ferruginous. 

4. On the development of magnetism in bodies by 
rotation. 

, 5. On the influence of heat on magnetism. 

6. ’ On the action of iron spheres on the needle. 

7. On the influence of magnetism on chemical action. 

8. On the laws of magnetic forces. 

9. On terrestrial magnetism. 

10* On the different methods of making artifleiat 
magnets. 

] On magnetical instruments and apparatus. 

12. On the theories of moguetiflmr 
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CHAPTER I. 

ON THE HISTORY OF MAGNETICAL DISCOVERIES. 

The attractive power of the natural magnet or load- 
stone over small pieces of iron seems to have been known 
from the remotest antiquity. It is distinctly referred to 
by Homer, Pythagoras, and Aristotle. Pliny mentiops a 
chain of iron rings suspended from one another, the first 
being upheld by the loadstone ; and he relates that 
Dinocares proposed to Ptolemy Philadelplius to build, at 
Alexandria, a temple, the vault of which, crowned with 
loadstones, should suspend in the air an iron statue of 
Queen Arsinoe. St Augustin likewise makes mention of 
a statue suspended in the ail* in the middle of the temple 
of Serapis at Alexandria. From references made to the 
magnet by Euripides, Claudian, and others, and from the 
experiment with the rings mentioned by Pliny, ^ it is not 
very improbable that tho ancients were acquainted with 
the communicability of magnetistp, to iron bodiesn The 
maguetioal properties of the loadstone, Hke the electrical 
ones of amber, were supposed to be miraculous. Medical 
qualities 6f various kinds were ascribed to it ; and even 
Hippocrates ranks it amongst the number of purgatives. 

In order to explain the properties of the loadstone, 
Thales, Anaxagoras, and others, supposed it to have a 
aoul i while some conceived that it was surrounded with 
an emanation, capable of creating a vacuum, into which 
the iron precipitated itself. 

In his description of China, Duhalde has stated, that 

* Sola heoo materia (ferrum) vires ah oo lapldo aedpit, retinetquo 
loago tempore, oUud approhondens fiarnun, ut anadorm catona i^uctQtiir 
intordum, quod imporitum vulgus ibrnim appoDat yirmn. 
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the directive power, or polarity of the magnet, was knoww 
to the Chinese in the earliest ages, and that the needle 
had been employed to guide travellers by land a thousand 
years before Christ; and it is stated by Humboldt, that, 
according to the Peuthsaoyani^ a treatise on Medical 
Natural History, written under the Saong dynasty, four 
hundred years before Columbus, the Chinese suspended the 
needle by a thr^d, and found it to decline to the south- 
east,, and never to rest at the true south point. 

Although the common properties of the loadstone were 
known to the ancients, and were no doubt studied even 
during the dark ages, yet, notwithstanding the claims of 
the Chinese and Arabians, the directive power of the 
loadstone, or of a needl^ touched or rubbed by it, seems 
to be the discovery of modern times. Are Frode, an 
Icelandic historian, who was born in the year 1068, and 
who must have written his Landnamabok^ or history of 
the discovery of Iceland, about the end of the eleventh 
century, mentions, in the most unetjuivopal manner, the 
directive power of the loadstone as known in his day- 
He states that Floke Yilgerderson, a renowned viking or 
pirate, departed fropi llogoland in Norway, to seek 
Gadersholm or Iceland, some time in the year 868. He 
carried with him three ravens as guides, and, to consecrate 
them for this purpose, he offered up a sacrifice in Smor- 
sund, where his ship lay. For” says Frode, “ in those 
turtles s&a^fjMn hadno ^ 

That the marineris oompaiss was: ^ fke twelfth 

century, about the year 1160, is proved by notices of it 
in various authors, particularly in an old French poem 
called La Sible Guyot^ which is contained in a curious 
quarto manuscript of the thirteenth century, still existing 
in the Royal Library at Paris. Guyot of Provins, the 
author of this poem, was alive in 1181. After referring 

- 1 , * Zeidarstem, or licadivg Stone^ fiom which our word LoadnioM 
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io the ways by which navigators are guided in their 
course, and mentioning the pole-star, he adds, — 

Un art font qui montir ne pent. 

Par la vertue de la morinifere, 

Un piorre loide et brunifere 
Oii le fers volontiors se joint, 

Ont regardent lor droit point. 

That is, “ They possess a never- failing method, by the 
virtue of the marini^re, an ugly and brown stone, to which 
iron adheres of its own accord.” The author next adds, 
that this art consists in nibbing a needle on the marinitre; 
and that the point of this needle turns just against tl»o 
pole-star in dark nights, when neither star noi* moon is 
seen. 

Quant il rniit ort ttfnebro ct brunc, 

Quand no yoit ostoilo no lune, 

Lor font h Paiguille tdlumer, 

Puiz ne pout ila asBoror, 

Centre ToBtoile va lo pointe, 

Par so sont U mprinor cointe, 

Be la droit yoie terns : 

C’est un art qui no pout montir. 

Cardinal James de Vitri, who flourished about the year 
1200, mentions the magnetic needle in his History of 
Jeinisalem; and he that .it was ot indispensable 

utility to those who traYeHed by ^ea. 

That the mariner's compass was known to the northern 
nations in 1266, appears from Torfeus's History of 
Norway, where it is mentioned that Jarl Sturla's poem 
on the death of the Swedish count Byrgercs was rewarded 
with a mariner’s compass. The directive property of the 
magnet is also distinctly mentioned in an epistle of Petrus 
Peregrinus de Marcourt, written about the latter end of 
the thirtecqth century. This letter was addressed “ Ad 
Sigerium de Poueancourt milltcm de magneto.” This 
epistle contains a description of the loadstone, the means 
af finding its poles, and its property of attracting iron ; 
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aud it proves that the part of ike magnet which is turned 
to the north attracts that which m turned to the south. 

A Neapolitan named Flavio Gioia, who lived in the 
thirteenth century, has been regarded by many as the 
inventor of the compass. Dr Gilbert affirms, that Paulus 
Venetus brought the compass from China to Italy in 
1260. Ludi Vestomannus asserts, that about 1600, ho 
saw a pilot in the East Indies direct his course by a 
magnetic needle like those now in use. One of the 
earliest treatises on magnetism is a Latin letter of Peter 
Adsiger, contained in a volume of manuscripts in the 
library of the university of Leyden, This letter, which 
appears to have been WTitten for the instruction of a 
friend, is in reality a methodical treatise, in two parts, 
the first of which is subdivided into ten, and the second 
into three chapters. In the second chapter of the second 
part, the mariner’s compass, and the method of con- 
structing it, are clearly described j and what is still nwre 
interesting, the author not only mentions the declination 
of the magnetic needle, but had obs^ved its actual devia- 
tion from the meridian. ** Take notice, says he, “ that 
the ipegnet, as well as the needle which has. been touched 
by it, does not point exactly to the poles ; but that part 
of it which is reckoned to point to the south, inclines a 
little to the west, and tliat part which looks towards the 
nortt^ JbcliDes as much to the east. The ei^act quantity 
of this declination, 1 haye ft)und> after ^aipmarens experi- 
ments, to be degrees. However, IfbiA i decdiiwdion is 
no obstacle to our guidance, because we make the needle 
itself decline from the true south by nearly one point and 
a half towards the west. A point, then, contains five 
degrees.” Mr Christie seems to consider the authenticity 
of this manuscript as doubtfiil, because no new observa- 
tion of the declination seems to have been made for two 
centuries afterwards ; and because the declination should 
westerly in place of easterly in 1269, according to the 
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best law of the change which can be deduced from sub- 
sequent observations. 

The deelination or the variation of the needle, thus 
distinctly described by Adsiger, if hia manuscript is 
authentic, must be considered as well known before the 
time of Columbus, to whom the discovery of it has been 
geneiully ascribed. His son Ferdinand states, that on the 
14th of September, (13th according to Mr Irving,) 1492, 
his father, when about two hundred leagues from the 
island of Ferro, noticed for the first time the variation of 
the needle, — “a phenomenon,” says Washington Irving, 
which hod never before been remarked.” « He per- 
43eived,”adds this author, “about nightfall, that the needle, 
instead of pointing to the north star, varied but half a 
point, or between five and six degrees to the north-west, 
and stHl more on the following morning. Struck with 
this circumstance, he observed it attentively for three 
days, and found that the variation increased as he advanced. 
He at first made no mention of this phenomenon, knowing 
how ready his people were to take alarm ; but it soon 
attracted the attention of the pilots, and filled them with 
consternation. It seemed as if the laws of nature were 
changing as they advanced, and that they w.ere entering 
another world, subject to unknown influences, They 
appreWded ^at the compass ^as about to lose its mys- 
terious virtues 5 and, without this guide, what was to 
become of them in a vast and trackless ocean ? Columbus 
tasked lus science and ingenuity for reasons with which to 
allay their terrors. He told them that the direction of 
the needle was not to the polar star, but to some fixed and 
invisible point. The variation was not caused by any 
failing ih the compass, which, like the other heavenly 
bodies, had its changes and revolutions, and every day 
described a circle round the pole. The high opinion 
that the pilots entertained of Columbus as a profound 
astronomer gave weight to Ws theory, and their alarm 
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subsided.’* ** Although the details which we have already 
given Eifford sufficient proof that the variation of the needle 
had been discovered two hundred years before the time 
of Columbus, yet it is evident, from the above passage, 
that he had discovered the variation of the variation, or 
that the variation was not a constant quantity, but varied 
in different latitudes. 

Notwithstanding these casual observations on the varia- 
tion of the compass, no accurate measures of its amount 
were made till about the middle of the I6th century. In 
1541 it was found that the declination of the needle from 
the meridian of Paris was about 7° or 8° easterly. In 
14150 it was 8® or 9°, and in 1680 1 1^° easterly. Norman, f 
who first observed the variation in London, made it 
16' easterly ; and Mr Burough, J comptroller of the navy, 
in 1680 found it to be at an average ll^ 19' E. at Lime- 
house. The following observations made at other places 
will show the gradual change in the variation. 

' Borough 1580 U® 19' E. Lim^house. 

Gunter. 1612 5 36 £• London. ^ 

Gellibrand§ 1633 4 4 E. London. 

Petit 1630 4 30 E. Paris. 

Petit 1660 0 10 E. Paris. 

, Auzout. 1670 2 0 W. Rome. 

Hevolius 1642 3 5 W. Dantzig. 

H^velim.........l670 7 20 W. Dantzig. 

The important discovery oip the dip, OT ihclinatibn 6P the 
needle, was made in 1 576, ^b^ Robert Norman> whom we 
have already menfroned. jftaving constructed many com- 

* Irving’s Id/e arid Voyages ofOolumlm, rol. i, p. 201. 
t The Neto Attraative^ by Robert Norman. Lonijf 1606. 

4 : A piscourse on Variation of die Compass, LontL 1601. 

^ ^<^riation of the MagnaHoOl JVW/^ 
1655. GeUibrand found that the north-east of tho neodlo wai' fiWuiuflIlvr 
moting to the westward. ' ' 
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Jiasses, and having always balanced tlie needles for them 
before he touched them with the magnet, be invariably 
found, that after they were touched, the north point always 
inclined below the horizon, so that ho was obliged to make 
the cord of the compass level, by putting some small 
pieces of wire on the end of it. Having mentioned tJiU 
discovery to some of his friends, he was advised to con- 
struct an instrument which would enable him to measure 
the greatest angle which it would make with the Iiorizon. 
With this instrument, which is the dipping needle in its 
first and rudest form, he found the dip to be at 71° 50'; 
an observation which, according to Bond, must have been 
made about 1576. 

That ferruginous substiinces always possess a greater or 
n less degree of magnetism, has been long known. One 
Julius Ceesar, a surgeon of Rimini, first observed the coxi- 
version of iron into a magnet. In I5p0 he noticed this 
effect on a bar of iron which Iiad supported a piece of 
brick-work on the top of a lower of the church of St 
Augustin. The very same fact was observed about 1630, 
by Gassendi, on the cross of the church of St John at 
Aix, which had fallen down in consequence of having been 
struck with lightning. He found the foot of it wasted 
with rust, and possessing all the properties of a teadstone. 

Whi'l^ magnetism was makipg slow ,«idvanc6s by means 
t)f insnlated observations, it was destined to receive a 
vigorous impulse from the pen of Dr Gilbert of Col- 
chester. This eminent individual, avIio was physician in 
ordinary to Queen Elizabeth, published, in IGOO, his 
Physwhgia Nova^ seu TraoteCtus de Magnete et Corporibus 
Maffnisdeist a work whioh contains almost all the informa- 
tion conoerning magnetism which was known during the 
two following centuries. It relates chiefly to the natural 
loadstone, and to artificial magnets, or bars of steel which 
have . acquired similar properties. He applies the term 
magnetic to all bodies which are aoted upon by loadstoiios 

A 2 
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and magnets, in the same manner as they act upon each 
other, and he finds that all such bodies contain iron in 
some state or other. He considers the phenomena of 
electricity as having a considerable resemblance to those 
of magnetism, though he points out the differences by 
which the two classes of phenomena are marked. In 
treating of the directive power of the needle, he supposed, 
<‘tbat the earth itself being in. all its parts magnetical, and 
the water not, wherever the land was, there would the 
needle turn, as to the greater quantity of magnetical 
matter.” He regarded the earth as acting upon a mag- 
netized bar, and upon iron, like a magnet, the directive 
power of the needle being produced by the action of 
magnetism of a contrary kind to that which exists at the 
eDtferemity of the needle directed towards the pole of the 
globe. He gave the name of pole to the extremities of 
the needle which pointed towards the poles of the earth, 
conformably to his views of terrestrial magnetism, calling 
the extremity that pointed towards the TwriA the soutli 
jyoh of the needle, and that which pointed, to the south the 
nqrtih pole. 

About the year 1650, Mr Bondi a teacher of mathema- 
tics in London, who had been employed to superintend 
the publication of the popular treatises on navigation, 
published a work called the Seaman*s Calendar^ in which 
he maintains that he has discovered the true progress of 
the deviation of the cbmpass ; in another book, called 
The Longitude Founds and in the SfHtns. XOSB,' he 
published a table of the computed variations for London 
for many years to come, extending from 1663 to 1716. 
The results which this table contains agree very nearly 
with those which were observed for the next twenty-five* 
years, but after that the differences became very great. 
In a subsequent paper in the FhiL Tram, for 1673, Bond 
attempted to account for the change in the variatiop and 
of the needle, by supposing that the two magnetic poles 
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revolved round the poles of the earth. He asserted that 
he knew the period of this revolution, as well as its cause ; 
and he proposed to determine the longitude by means of 
the dip of the needle. He did not, however, think proper 
to communicate either his views or method to the public. 

Newton, Huygens, Hooke, and some of the other 
philosophers who flourished about the end of the seven- 
teenth century, were occupied, though not to a great 
degree, with the subject of magnetism. Some of their 
observations and discoveries are referred to in a manu- 
script volume of notes and oommentariee, written by 
David Gregory in 169B, in a copy of Newton’s Principlay 
and used by Newton in improving the second edition. 
Newton had supposed -that the law of magnetic action 
approacheiB to the inverse triplicate ratio of the distance ; 
but Gregory did not adopt this opinion, and invalidates 
the arguments which were used in its support, Newton 
committed another mistake in asserting, as we shall afler^ 
wards seo, that red-hot iron has no magnetic property. 

Several interesting experiments had been made by Dr 
Gilbert, on the effects of heat in destroying magnetism, 
and also in inducing it in substances susceptible of being 
impregnated. He likewise made numerous experiments 
with bars of iron, and steel plaqed in the magnetic- merl-^ 
dian and to ^eat heats. . Pr Hooke took up this 

subject in 1684. , He used rods of iron and steel about 
seven inches long and one-Mh of an inch in diameter, 
and he found that they acquired permanent magnetism 
when strongly heated in the magnetic meridian, and 
allowed to cool in the same -position. The permanency 
of th6' efifeot was: greater, and the magnetism stronger> 
when the rods were suddenly cooled in cold water, so as 
to give them a very hard temper. He found that the end 
which was next to the north, or the lower end, of a verti- 
cal bar, was invariably a permanent north pole* Even 
when the upper end alone was quenched, while the rest 
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of the bar cooled slowly, that end became a sensible south 
pole. If the same process was adopted when the steel bar 
lay at right angles to the magnetic meridian, no magnet- 
ism was acquired. 

The subject of terrestrial magnetism now occupied tlie 
attention of our eminent countryman Di* Edmund Halley ; 
and in 1683 he published his Theory of Magnetism, which 
to a certain extent forms the nucleus of more modern 
hypotheses. He regarded the earth^s magnetism as caused 
hy four poles of attraction, two of them near each pole of 
the earth ; and he supposes^ that in those parts of the 
world which lie nearly adjacent to any one of these mag- 
netic poles, the needle is governed thereby, the nearest 
pole being always predominant over that more remote.” 
He supposes that the magnetic pole which was, in his 
time, nearest Britain, was situated near the meridian of 
the land’s end, and not above 7 ° from the north pole ; the 
other north magnetic pole being in the meridian of Cali- 
fornia, and about 15° from the north pole of the earth. 
He placed one of the two south poles about 16° from the 
sputh pole of the globe, and 96° west from London 5 and 
the other, or the most powerful of the four, about 20 ° from 
tlie south pole, and 120 ^ east of London. 

In order to account for the change in the variation. Dr 
Halley, some years afterwards, added to these reasonable 
Siippositiops the very extraordinary one, that our globe 
was a hollow ehell^ and that within^ it a spUd globe revolved, 
in nearly tbp same tMne as the oiiter one; ^«)d;hbhut the 
same centre of gravity, and with a fluid medium bett^een 
them. To this inner globe he assigned two magnetic 
poles, and to the outer one other two r and he conceived 
the change in the variation of the needle to be caused by 
a want of coincidence in the time of rotation of the inner 
globe and the external shell. “ Now, supposing,*' says he, 

such an external sphere having such a motion, we nsay 
solve the two great difficulties in every former hypothesis; 
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for if this exterior shell of earth be a magnet, having its 
pole$ at a distance from the poles of diurnal rotation, and 
if the internal nucleus be likewise a magnet, having its 
poles in two other places, distant also from its axis, and 
these latter, by a gradual and slow motion, change their 
places in respect of the external, we may then give a rea- 
sonable account of the four magnetic poles, as also of the 
changes of the needle’s variation ” From some reasons 
which Dr Halley then states, he concludes, “ that the 
two poles of the external globe are fixed in the earth, and 
timt if the needle were wholly governed by them, the 
variation would he always the same, with some little 
irregularities; but the internal sphere, having such a 
gradual translation of its poles, influences the needle, and 
directs it variously, according to the result of the attrac- 
tive and directive power of each pole, and consequently 
there must be a period of revolution of this internal ball, 
after which the variation will return as before.” 

This theory excited so much notice, that an application 
was made to William and Mary for a ship, “ in order to 
seek, by observation, the discovery of the rule for the 
variation of the compass.” The command of a ship of 
the royal navy was in consequence given to Dr Halley ; 
and, in the aocomplishnaont of the olgect ’^hioh he had 
in view, he performed two voyages, one In 1698, and the 
other in 1699, in which he traversed various parts of the 
Pacific and Atlantic Oceans, and obtained such a number 
of valuable results, that he completed a chart of tlie 
variation of the needle, which exhibited to the eye the 
gener^ law of its phenomena. * 

The very important discovery of the daily variation 0f 
the needle was, made \n 1722, by Mr Graham, a oelebr«ded 
mathematical instrument maker In London. Whil6 the 
needle was advancing by an annual motion to the west- 
ward, Mr Graham found that its north extremity moved 
westward during the early part of tiae day, and returned 



14 


TREATISE ON MAGNETISM. 


again in the evening to the eastward, to the same position 
which it occupied in the morning, remaining nearly 
stationary during the night. Mr Graham at first ascribed 
these changes to defects in the form of his needles ; but, 
by numerous and careful observations, repeated under 
every variation of the weather, and of the heat and pressure 
of the atmosphere, he concluded that the daily variation 
was a regular phenomenon, of which he could not find 
the cause. It was generally a maximum between ten 
o^clock A. M. and four o’clock p. m., and a minimum 
between six and seven o’clock p. m. Between the 6th 
February and the 12th May, 1722, he made a thousand 
observations in the same place, from which he found 
that the greatest westerly variation was 14^ 45', and the 
least 13° 60' ; but in general it varied between 14° 35' 
and 14°, giving 35' for the amount of the daily variation. 

The law of the magnetic force, or the rate at which it 
varies with the distance, had, as we have seen, occupied 
the attention of Sir Isaac Newton and David Gregory. 
Numerous experiments were made by vstriiius ahtfaprs for 
the same purpose^ a large collection of which liave been 
published by Soarella, in his treatise Z>e Magnete^ pub- 
lished at Brescia in 1769. Musohenbroeck made a great 
number of experiments with the same view ; but as the 
joint action of the four poles was never considered, the 
precise law of variation remained unknown. Mi* Hauksbee 
and Dr Brooke Taylor employed a. muoh better method, 
namely, the deviation of a oompasS'-tieedle from the meri- 
’ dian, produced by the action of a magnet at different 
distances ; but tlio magnetaf which they used had Improper 
shapes, and the conclusion which they drew firom their 
.experiments was, that the magnetic force decreased much 
quicker at great distances than at small ones, and that it 
is different in different loadstones*’*^ 


♦ Phil. Tram. No, 868, 896. 
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Notwithstanding this strange conclusion, the observa- 
tions to which we have referred were of great value ; and 
Mr Michell* succeeded in deducing from them, in 1750, 
the true law of magnetic action. “ There have been,’* 
says Mr Michell, “some who have imagined that the 
decrease of the magnetic attraction and repulsion is 
inversely eis the cubes of the distances ; others, as the 
squares ; and others, that it follows no certain ratio at all, 
but that it is .much quicker at great distances than at 
small ones, and that it is different in different stones. 
Among the last is Dr Brooke Taylor and Muschenbroeck, 
who seem to have been pretty accurate in their experi- 
ments. The conclusions of these gentlemen were drawn 
from their experiments, without their being aware of the 
third property of magnets just mentioned, which, if they 
had made proper allowances for, together with the increase 
and diminution of power in the magnets they tried their 
experiments with, all the irregularities they complained 
of (as far as appears from thoir relations of them) might 
very well bo accounted for, and the whole of iJmr expert^ 
weiits coincide with the squares of the distances inversely ” 

It is to Mr Michell also that we owe the introduction 
of the torsion balance, for measuring small forces, — an 
instrument which, as we shall see, w^s employed with 
singular success and dexterity by Coulomb in his elec- 
trical, magnetioal, and bydrodynamical researches : and 
the science of magnetism is no less indebted to Mr Michell 
for his invention of the method of double touch, as it is 
called,, by which artificial magnets may.be made with 
greater strength than could Jmve been obtained from the 
previous method of Duhamel. 

The hypothesis of Descartes, who explained the polarity 
of the needle by means of currents moving rapidly from 
the equator to the poles, was adopted and defended by 

* A. Treatise ofAiiifioial MagnstSA 8vo, Loiid* 1760, p. 10. 
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Euler and Daniel Bernoulli ; but we cannot afford any 
space for such useless speculations. Euler afterwards 
occupied bimself more advantageously for science in 
attempting to investigate mathematically the direction of 
the needle on every part of the eatth’s surface.* Per- 
ceiving the intricacy which would arise from the adoption 
of four poles, as imagined by Halley, he tried the effect 
of employing two poles not diametrically opposite ; and 
he found, that when a proper position was given them, 
the variation under the same meridian might be both 
easterly and westerly, as in Halley^s chart. The solution 
which he has given is founded on the principle, “ that 
the magnetic direction on the earth follows always the 
small circle which passes through the given place, and 
the two magnetic poles of the earth or tliat the hori- 
zontal needle is a tangent to the circle passing through 
the place of observation, and through the two points on 
the earth's surface where the dipping needle becomes 
vertical, or the horizontal needle loses its directive power. 
In ihe atiplicatlon of this principle, Ehler makes four 
, suppdsitions respecting the magnetic poles i 

1. That they are diametrically opposite to each other ; 

2. That they are in opposite meridians, but not in opposite 
parallels ; 3. That they are on the same meridian ; and, 
li. That they have every other situation whatever. The 

jiff suppositions ha finds to be quite irreoon- 
cUsAblo the observed phenomen^' but in the other 
thr^ he fidds that the ^ariatloti niay bh bo& eaeiterly and 
westerly iii the same meridian. By successive approxi^ 
matlbuB he, finds the position of the two magnetic poles 
in 1767 tQ be as follows : The north pple in latitude 769 
north, and longitude 96® west from Teneriffe ; and the 
south pole in latitude 58o Bouth, and longitude 158<) 
west from Teneriffe. To this dissertation, Euler has 


♦ Berlin Biemcira, 1767, 17*66- 
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added a chart of the curves of equal variation, -calculated 
on the preceding principles, and suited to 1757; and 
their general accordance with observation is very sur- 
prising. In a subsequent dissertation, Euler endeavoured 
to improve his theory, by supposing the two magnetic 
poles to be at the surface of the earth. The chord joining 
these poles he calls the magnetic axis, and the middle 
point of that chord its magnetic centre. Then, if we 
draw a line from the place of observation to the magnetic 
centre, and consider this as the base of an isosceles tri- 
angle, one of whose sides is the magnetic axis, the other 
side will be the direction of a freely suspended needle. 
This hypothesis, though it has various defects, fulfils, 
as has been well remarked, certain conditions that are 
essential to a good theory, ]• It gives the needle the 
approximately accurate positions at the equator, the 
needle and the axis being then parallel ; 2. It fulfils the 
condition of the needle and axis, forming a continuous 
line at the poles ; 3. It furnishes two points at which the 
needle would be vertical ; and, 4. It gives a series of 
positions, single for each place, and having a certain, and 
ofleutimes pretty close, approach to the true position.* 

The law of magnetic action occupied the particular 
attention of M. Lamb^t, the celebrated Prussian philo- 
sopher, who has published an account of his labours in 
the Memoirs of the Academy of Berlin for 1756. Having 
placed a mariner's compass at various distances from a 
magnet, and in the direction of its axis, he observed the 
declination of the needle produced by the magnet, and 
the obliquity of the magnet to the needle's axis. From 
several observations at difiTerent obliquities, he found that 
the action of magnetism on a lever was proportional to 
the sine of the angle of its obliquity to tiie axis of the 

* See an excollcnt paper on Torreatrinl MagnetUm, in the MvLgaxii^ 

Popular (Sloiencfl, May 1036, No. iv.p. 223, 224. 
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lever or needle. M. Lambert then proceeded to study 
the effect of distance, and he discovered that the force of 
a magnet is proportional to the distance of the nearest 
pole of the magnet from the centre of the needle, dimi- 
nished by the square of a constant quantity, nearly equal 
to two-thirds of the length of the needle. This result he 
found to be true with magnets ten times larger, and 
needles twice as short ; but as the law led him to a strange 
result, as if the action on a magnet were exerted from 
a centre beyond itself, he was therefore obliged to take 
another mel^od of determining the law of action, namely, 
by a series of experiments on the directive power of the 
magnet,* from which he inferred, that the force of each 
transverse element of a magnet is as its distance from the 
centre, and its action as a particle of another magnet 
inversely as the square of the distance.*' By means of 
this law, he calculates the position of a very small needle, 
and draws three of the curves to which it should be a 
tangent, and these coincide very accurately with some of 
diose which he had observed. 

Our learned countryman Dr Robison had been pursuing 
similar inquiries before he bad seen Lambert’s experiments. 
He got some magnets made, composed of two balls con- 
nected by a slender rod; and after magnetizing them 
strongly, he found that the force of each pole resided 
nearly, in, the centre of the balL In this way the attractive 
and the direotive powers of the magnets were easily 
computed, and the result was, that the force of each pole 
was inversely as the square of the distance. In no case 
did the error of this hypothesis amount to one-fifteenth of 
the whole, and in the calculation for the phenomena of 
the directive power the errors were still smaller. When 
,Dr Robison had Seen Lambert’s second memoir, he 
repeated all his former experiments in Lambert's manner, 


* J/emoirs of (hs Berlin Academy^ vol. xiii. 
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taking the precaution of keeping the needle in its natural 
position, which he had not previously attended to ; and 
the results which he now obtained were still more con- 
formable to his conjecture as to the law of variation. Dr 
Robison tried another method of ascertaining the law of 
magnetic action. In 1769 or 1770, he constructed a 
needle of two balls joined by a slender rod, and having 
touched it with great care, so as to keep the whole strength 
of the poles near the centre of the balls, ho counted the 
number of oscillations which it performed horizontally in 
a given time by the force of the earth's magnetism. 
“ He then placed it on the middle of a very fine and 
large magnet, placed with its poles in the magnetic meri- 
dian, the north pole pointing south. In this situation he 
counted the vibrations made in a given time. He then 
raised it up above the centre of a large magnet, till the 
distance of its poles from those of the great magnet was 
changed in a certain proportion. In this situation its 
vibrations were again counted. It was tried in the same 
way in a third situation, considerably more remote from 
the great magnet. Then having made the proper reduc- 
tion of the forces corresponding to the obliquity of their 
action, the force of the poles of the great magnet was 
computed fVom the number of vibrations.” The results 
of thes^ esiperimeiits were the most consistent with each 
other of any that Dr Robison made for determining the 
law of the magnetic force, and it was chiefly from them 
that he thought himself authorized to say with some con-* 
fldence, that it is inversely as the square of tho distance. 
When Dr Robison, however, observed some years after- 
wards, that Jlplnus, in 1777, conceived the force to vary 
inversely as the simple distance, be repeated the experi- 
ments with great care, and added another set made with 
the same magnet, and the same needle placed at one side 
of the magnet instead of above it By this arrangement, 
which greatly simplified the process, the result of tho 
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whole was still more satisfactory. The inverse law of 
the square of the distance was therefore well established. 

Various speculations respecting the cause of the phe^ 
nomena of magnetism had been hazarded by different 
authors ; but it was reserved for M. iEpinus to devise a 
rational hypothesis, which embraced and explained almost 
all the phenomena which had been observed by previous 
authors. This hypothesis, which he has explained at 
great length in his Tentamen Theories EUctridtatis et 
Magnetimi, published in 1759, may be stated in the 
following manner. 

1. In all magnetic bodies there exists a substanco 
which may be called the magnetic fluid, whose particles 
repel each other with a force inversely as the distance. 

2. The particles of this fluid attract the particles of iron, 
and are attracted by them in return with a similar force. , ‘ 

3. The particles of iron repel each other according to 
the same law. * 

4. The magnetic fluid moves through tl^e pores of iron 
and -soft steel with very little obstruotioh ; but its motion 

more and, more obstructed as the steel increases in 
hardness or temper, and it moves with the greatest diff- 
culty in hard^empered steel and the ores of iron. 

The method of making artificial magnets, which was 
practised by the philosophers of the seventeenth century, 
^ ' very simple but a very inefficacious one. It con- 
sisted in nm^lyii^bbltig ihe s^l bat to be magnetized, 
i^poni onie ^ the pofee of a ot artiflolai magnet, in 

a direction at right angles to the line joining the poles of 
the magnet. Towards the middle of the eighteenth cen- 
tury, however, the art of making artificial magnets bad 
excited general attention ^ and it is to Dr Go win Knight, 
an English physician, that we are indebted for the disco- 
very of a method of making powerful magnets. This 
'wthod he kept secret from the public, but it was aflier- 
published by Dx Wilson. Duhamd, Canton, 
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Micbell, Antbeaume, Savery, ^Epinus, Robison, Coulomb, 
Biot, Scoresby, and others, made various improvements 
on this art, as will be minutely described when we arrive 
at that part of our subject. 

The science of magnetism owes many obligations to 
Mr John Canton, one of the most active experimental 
philosophers who adorned the middle of the eighteentli 
century. In or previous to the year 1756, he made no 
fewer than 4000 observations on the diurnal variation of 
the needle, with the view of determining its amount, and 
investigating its origin. He found tlie daily change 
diflPerent in different seasons of the year, as shown in the 
fo\^owing table. 


January,.,. 

....7' 

8" 

July 13' 

14" 

February... 

....8 

68 

August 12 

19 

March 

...11 

17 

Septeraber.il 

43 

April 

..12 

26 

October... .10 

36 

May 

...13 

Q 

Novenaber-*.8 

9 

June 

...13 

21 

December... 6 

58 


He found also that the time of minimum westerly 
variation at London was between eight and nine o’clock 
A. M., and the time of maximum between one and two 
o’clock p. M., the needle returning to its mb|m!j;ig position 
about eigl^ or hipe in thb evening. , A series of similar 
observations were made with nearly the same results by 
Mr Van Swinden ; but this excellent observer discovered, 
that some time before the hour in the morning when the 
westerly minimum took place, and after the same hour in 
the evening, a motion of the needle both to the eastward 
and westward took place ; that is, the morning westerly 
variation is sometimes preceded by a small easterly 
variation, and the principal easterly variation in the 
^ evening is followed by a small westerly variation. 

. Canton explained the westerly variation of the needle, 
md the subsequent easterly motion, by supposing that 
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the heat of the sun, acting upon the eastern parts of the 
earth, weakens their influence, as heat is known to do that 
of a magnet, and consequently the needle will move to 
the westward. In the same way as the sun warms the 
western side of the earth in the afternoon, the needle will 
then take a contrary direction. 

One of the ablest cultivators of the science of magnet- 
ism was the celebrated Coulomb, who, by the application 
of the principle of torsion, first used by Michell, deter- 
mined the correct law of magnetic attractions and repul- 
sions.^ After measuring with great nicety, by the torsion 
balance, the force requisite to make a magnetic bar sus- 
pended horizontally deviate any number of degrees frjpm 
a giv^ position, he was enabled to verify the discovery 
of Lambert already mentioned, that the eflfect of terres- 
trial magnetism is proportional to the sine of the angle 
which the magnetic meridian forms with the axis of the 
magnet upon which it acts. By making the homologous 
poles of two nyignetized wires repel each other, h^ 
observed the fori^ of torsion which was neioessary to 
OverboiRe' oeriam quantities of their mutual repulsion, 
and, at the Stances 12°, 17°, and 24o, he found that the 
repulsive forces were as the numbers 3812, 1692, and 
864^ deviating little from 8312, 1650, and 828, which 
^ould have been had the repulsive force varied in 
tfio' lityerse r tatio of the square of the distance. The 
exCeSa of land 86 ha. the experiiheutel numbers was 
owing to Ite oitGUihstaibee that H, yrsB not ^ particle, but 
a po^bn, of each wke, from which the repulsive force 
emanated, so that the fierce of the' other particles, being 
exerted obliquely, and therefore being stronger at 
greater distances, ought' to produce an excess such as tht^ 
aotuklly observed, A similar result was obtained when 

,1 ' 'I 

Ss'e the article ELBonuonT in thd Wncydopadia Britannkaf to]. 
wh^ th^ tonrion halanoe is miiuitflly die^[^d|bbd.; < , ‘ ' 
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fite contrary poles of the magnetized wires were made to 
attract each other ; so that Coulomb concluded that the 
attractive and repulsive forces exercised by two magnetic 
particles are inversely as the square of their distances, a 
result which he confirmed by several other methods than 
that which we have noticed. 

Provided with such a delicate instrument as the torsion 
balance, Coulomb was enabled to apply it with singular 
advantage to almost every branch of the science. His 
first object was to determine the law according to which 
magnetism is distributed in a magnetic bar. It was of 
course well known that the magnetism in the middle of 
the bar M^as imperceptible, and that it increased according 
to a regular law, and with great rapidity, towards each of 
its poles. By suspending a small proof needle with a silk 
fibre, and causing it to oscillate horizontally, opposite 
dlfierent points of a magnetic bar placed vertically, Coir-' 
lomb computed Ihe part of the efiect which wajs due to 
terrestrial magnetism, and the part which was due to 
the action of the bar ; and in this way he obtained the 
following results, which show the extreme rapidity with 
which magnetism is increased towards the poles. 


Distancofi from tho 
North End of the 

0 inches 

1 

2 
3 

4'5 

6 


Intenaity of the Ma^etiam 
at those Dhtanoet. 
166 
90 
48 
28 
9 
6 


■ ' In examining the distribution of electricity in a circular 
plane, Coulomb found that the thickness of the electric 
stratum was almost constant from the centre to within a 
very small dlstanoe of the clrcumfereaoe, when it increased 
all on a sudden with great rapidity. He conceived that 
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a similar distribution of magnetism took place in the 
transverse section of a magnetic bar ; and, by a series of 
nice experiments with the torsion balance, he found this 
to be the case, and established the important fact, that the 
magnetic power resides on the surface of iron bodies, and 
is entirely independent of their mass. 

The eflPect of temperature on ixiagnets was another sub- 
ject to which Coulomb directed his powerful mind ; but 
he did not live to give an account of his experiments, 
which were published after his death by his friend M. Biot. 
Coulomb found that the magnetism of a bar magnetized 
to saturation diminished greatly by raising its temperature 
from 12° of Reaumur to 680° ; and that when a magnetic 
bar was tempered at 780°, 860°, and 960°, of Reaumur, 
the development of its magnetism was gradually increased, 
being more than double at 900° of what it was at 780°, 
He found also that the directive force of the bar reached 
its maximum when it was tempered at a bright cherry-red 
heat at 900 ® ; and that at higher temperatures the force 
dimuiished. It ia to Mr. Barlow, -however, as we shall 
se^ that we are indebted for the complete 
investigation of the influence of temperature on the 
development of magnetism. 

Coulomb made many valuable experiments on the best 
methods of making artificial magnets, and he subjected all 
the processes that had been previously employed 

to tae test pf s^ocurata measurement* , His experiments on 
the bestibrifl® qf magnetic 'needle arc eqi;iaUy valuable | 
but the most int^esting of his researches, and the last to 
which he devoted his great talents, were those which relate 
to the^action of magnets upon all natural bodies. Hitherto, 
iron, steel, nickel, and cobalt, had been regarded as the 
only magnetic bodies j but, in the year 1802, Coulomb 
>pBbnnced to the Institute of France, that all bodies what- 
ewsr are subject to the magnetic influence, even to such a 
to be capable of accurate measurementi, The 
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substances employed by Coulomb were in the form of a 
cylinder or small bar, about one-third of an inch in length 
and one-thirtieth in thickness, aud they were suspended 
by a single fibre of silk between the opposite poles of two 
powerful steel magnets, placed in the same straight line, 
and having their opposite poles at a distance exceeding 
by a quarter of an inch the length of the cylinders. The 
cylinders were then made to oscillate between the poles 
of the magnets, and were protected from all motions of 
the air by a glass receiver. The result of these experi- 
ments was, that whatever was the substance of the 
cylinders, they always arranged themselves in a line 
joining the poles of the magnets, and returned to that 
position whenever they were deflected from it These 
experiments were made with cylinders of gold, silver, 
copper, lead, tin, glass, wood, chalk, bone, and every 
variety of substance, organic and inorganic. The only 
explanation which Coulomb could give of these pheno- 
mena was, either that all bodies whatever were susceptible 
of magnetism, or that they coutained small portions of 
iron or other magnetic metals, which communicated to 
them the property of obeying the magnet. In order to 
investigate this subject, MM. Sage and Guyton prepared 
highly purified needles of the different, ipetala, and M. 
Coulomb found that the momenta of the forces with which 
they were solicited by the magnets were as follows : — 


Lead 


Tin 


Silver 


Gold 

... 0-00406 

Copper 



the momentum of torsion alone, for all the needles, being 
O'OOISfi, a little more than a fourth of the action which 
the magnets exert upon the needles. 

In order to determine if these phenomena were owing 
to particles of iron disseminated through the bodies, 

B 
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Coulomb fabricated needles out of three different mixttires 
of white wax and iron filings, and he found that the forces 
exerted by magnets upon these needles were proportional 
to the absolute quantities of iron which they contain. 
Coulomb now tried a needle of silver, purified by oupella- 
tion, and another needle of silver alloyed with -yj^th part 
of iron, and he found that the action of the magnet upon 
the former was 416 times less than upon the latter. Hence 
there will be 415 times less iron in the pure than in the 
impure silver ; and since the latter contains y^th part 
of its weight of iron, the first will contain ^|yth of 
^lyth, or contain 182799 parts of 

pure silver and one of iron, a quantity of alloy beyond 
the reach of chemical detection. 

Amongst the scientific travellers who contributed to 
our knowledge of terrestrial magnetism, Baron Alexander 
Humboldt was one of the most distinguished. Himself 
an accurate and scientific observer, and possessed of nice 
instruments and methods of observation, he made nun^*' 
rous aecura^te observations on tiie dip and variation of tlic 
needle in various parts of the earth, and particularly near 
the magneric equator ; and, by means of these valuable 
data, M. Biot was enabled to throw much light on the 
subject of terrestrial magnetism. Hitherto the magnetic 
^ poles had been considered as either on or very near tho 
'sur^e of the earth ; but as it had been found impossible 
to dedncQ.tho ph^ohiena of the, variation a^d dip of the 
needle, philosophevs were l^d to consider the,, situation of 
these poles as. intietermiDate. M. Biot was the first to 
adopt this view of the subjeqt ; and after numerous com- 
parisons, he caipe to the conclusion, that> the nearer these 
poles vretfe placed to^epoh other, the greater was tho 
agreement between the computed and observed results*; 
and by considering the two poles* as indehnitely near each 
other in the centre of the earth, the computed and observed 
approximated as olosely^as fOould be. expected. 



HISTORY. 


27 


Hence it was inferred that the phenomena of terrestrial 
magnetism were not such os are produced by permanently 
magnetic bodies, but thoae rather that arise from simple 
iron or ferruginous masses, which are only temporarily 
magnetic. In this manner M. Biot was led to express tlie 
law of terrestrial magnetism in a complicated formula, 
*which represented the observations with wonderful 
accuracy. 

In the year 1809> Professor Krafffc of St Petersburg 
undertook the very same inquiry, and after comparing the 
same observations which were used by Biot, with the 
respective situations of the places where they were 
obtained, he arrived at the following simple law : If we 
Suppose a circle circumscribed about the eai*th, having the 
two extremities of the magnetic axis for its poles, and if 
we consider this circle as a magnetic equator, the tangent 
of the dip of the needle, in any magnetic latitude, will be 
equal to double the tangent of this latitude.” UpoU 
re-examining his former formula, M, Biot found that it 
was reducible to the above simple law, a coincidence 
which may be considered as giving it additional confir- 
mation ^ 

One of the most zealous and successful cultivators of 
magnetical science is Professor Hattsteen 6f Christiania, 
who published, in 1817,' an able work on the magnetism 
of the eartlu* The Royal Society of Denmark proposed, 
in 1811, the prize question, ‘‘Is the supposition of one 
magnetical axis sufficient to account for the magnetical 
phenomena of the earth, or are two' necessary?” Pro- 
fessor Hansteen’s attention had been previously drawn to 
this subject by seeing a terrestrial globe, on which was 
drawn an elliptical lino round the south pole, and marked 
Rsgio Polaris magnetica, one of the foci being called 
Rsgio fortior^^nA the other Pegio dehilior. As this' figure 

* CnkrtuchtMj/eti ISier itn Magnelitmua (hr Srde, 4tD. CbristiaiiiPt 
1817. 
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professed to be drawn by Wilcke, from the observations 
of Cook and Fumeaux, Hansteen was led to compare it 
with the facts ; and the result of the comparison being 
favourable, he was induced to study the theory of Halley, 
which had previously appeared to him wild and extrava- 
gant. The result of his researches, however, was favour- 
able to that part of Halley's theory which assumes the 
existence of four poles and two magnetic axes. Han- 
steen’s Memoir, which was crowned by the Danish Society, 
forms the groundwork, of the larger volume which he 
published in 1817* In bis fifth chapter, on the Mathema- 
tical Theory of the Magnet, he deduces the law of mag- 
netic action from a series of experiments similar to those 
of Hauksbee and Lambert. Assuming that the attraction 
or repulsion between any two magnetic particles is directly 
as the intensity of the force, and inversely as some 
unknown power t of the mutual distance of these particles, 
and supposing that the magnetic intensity of any particle 
is proportional to some power r of its distance from the 
cenife of the magnet, he finds the fbllbwing expression 
for the effect F, which a linear magnet would have upon 
a magnetic point situated any where upon the axis pro- 
duced : 

J (a xy * 

to bei^ ihe length of half the axis, of the linear magnet, 
and F (knuljtipjied' by ^ coestant quanta depending on 
this degrees^f ma^ghe^hm wlndi the pbint and line possess) 
represeutifig the force. Tn conducting the experiments, 
Hansteen placed a very sensible, compass upon a horizon- 
tal table, so that the needle pointed to From beneath 
the centre of this needle, and peipendioular to its direc- 
tion or to the magnetic meridian, he drew a straight line 
upon the table, and divided ft into portions, so that ten of 
them were equal to the half axis a of the artificial magnet* 
lilib magnet was then placed on the line at . different dia- 
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tances from the needle^ and the deviation of the needle 
from the magnetic meridian which it produced was 
accurately observed for each distance. Upon comparing 
the results^ and calculating them by the formula, upon 
the supposition that t was 1 or 3, the differences were 
very great ; but by making’ ^ = 2, the calculated and 
observed results agreed remarkably well, as the following 
lable^shows ; 


Values of a, or 
Distances in half 
Axes of the 
Magnet. 

ValuQB of F, or Incroaso of the Force. | 

Observed 

Values, 

Calculated Values. 

<=2 
r= 1 

II 11 

i = 2 

3 

11 





10 


1-334 

1-334 

1-325 

9 

1-834 

1*835 

1-836 

1-836 

7 

3-947 

3-938 

3-945 

3-949 

5 



11-119 

11-164 

4 

22-441 

22-245 

22-411 



From this remarkable coincidence between the observed 
and the computed results, Hansteen concludes, that “ the 
4Xt(ractive or repulsive force with which two magnetic par- 
ticles affect each other, is always directly as their intensities^ 
and inversely as the squares of ^dr mutual distanceP He 
shews that the undetermined value of r produces almost 
no effect at considerable distances ; and he is inclined to 
think that 2, or that the ^solute intensity of any 
magnetic patHcUi situated hi the axis, is proportional to 
the square of its distance from the middle point of that axis. 
Mr Hansteen has also demonstrated, that the distance from 
the middle of a magnet hdng the same, the force opposite 
the poles, or in the direction of the axis, is dovhle of the force 
in the magnetic equator. If a globe contains at its centre 
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au infinitely Bmall magnet, Hansteen shews that, near ihe? 
magnetic equator^ the dip must increase twice as rapidly aS 
the magnetic latitude, and, near the pole, half as rapidly; 
and that the increment of the dip must be equal to the alte^ 
ration of die latitude of that part of the globe where the dip 
is 54® 44^ Out author also states, that if the earth had 
only one magnetic axis, whose centre coincided with that^ 
of the earth, the tines of equal' dip would cpincide witli 
those of equal intensity ; but as this is far from being th^ 
case, his opinion that there are two magnetic axes become^ 
more probable- 

The most valuable part, however, of Professor Han**' 
Steen’s work is that which relates to the number, poaitiont 
and revolution of the magnetic poles- Having collected 
all the observations of value that had been made on tlie 
variation of the needle, he proved that there were four 
points of convergence among the lines of variation, naraeljv 
a weaker and a stronger point in the vicinity of each polo 
of the globe. The strongest poles N, S, lie almost dla*^ 
metriofiiry opposite to each other, and the same is true oP 
th^ TOafcer poles », s. These four poles he found to havo 
aregulw motion obliquely, the two northern ones N, nr 
from west to east, and the two southern ones S, s, from 
east to west. The following he found to be their periodii' 
of revolution, and their positions, in 1830 ; — 


PhleN 60* Wn. ’ 

Poi« S , :«& 44 8i 

Pole n 86 6 N. 

Poles 78 29 S. 


Long, from 

87“ w. 
131 47 
144 17 E. 
197 46 W. 


Xtmo at Itovolnttoiv 
xmod euh Pole 
> ' of file fiiolie. 

1740 years. 
4609 do. 
860 do. 
1304 do. 


Since the publication qf these results, Professor 
steep had access to the vabiabl^ series of magnetieal obser-' 
yia^ohib made during the , British voyages of discovery to 
Regions i and^ after a diligent comparison of 
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them, he obtained now and more accurate determinations 
of the positions and periods of revolution of the four 
magnetic poles, but still differing so little from his pre- 
vious determinations, as to give a high degree of proba- 
bility^ to the correctness of the results • He finds from 
Captain Parry's observations, that in 1819 tho pole N 
must have been situated in north lat. 71° 27', and the 
time of its revolution 1890 (in place of 1740 as formerly 
calculated.) The period of revolution of S he changed 
fVom 4609 to 4605, and that of 5 from 1304 to 1303, that 
of w remaining at 860 as before- Professor Hans teen 
Considers N and S as the terminating points of one mag- 
netic axis, and n and s those of tho other axis ; and he 
remarks that these two axes cross each other without 
intersection, or without passing through the centre of the 
earth. In reference to the causes of these singular changes, 
our author considers it possible that the illumination and 
heating of the earth, during one revdutioB about its axis, 
may produce a magnetic tension, as it produces the elec- 
trical phenomena. In support of his hypothesis of four 
poles, Professor Honsteen has shewn very clearly that 
the changes in tho variation and dip of the needle in both 
hemispheres may be well explained by their motion 5 but 
we cannot here enter into these details. 

With the view of discovering the nature of the forces 
by which the phenomena of terrestrial magnetism are 
produced, Professor Hansteen resolved to ascertain, at 
different parts of the earth's surface, the intensity of its 
magnetism, and to determine the form of the lines of 
equal intensity, or, as he calls them, the isodynamical 
f^gnetio Utibs, By means of the same needle intrusted 
to different philosophers, he had observations on the num- 
ber of its oscillations in a given time made iu every part 
of Europe ; and he afterwards undertook a journey to 
Siberia, to make the observations himself in that inte- 
resting magnetical region. From these observations he 
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deduced the following law, according to which the mag- 
netic intensity varies with the dip of the needle : 


Magnetic Dip. 

Magnetic Intenaity. 

QO. 

1-0° 

24 

M 

45* 

1-2 

64 

1-3 

7a 

1-4 

76f 

1-5 

81 


8fi 

P7 


Professor Hansteen’s journey to Siberia was attended 
with secondary consequences of great value to science. 
The attention of the Russian government, and the Aca'- 
demy of Sciences at St Petersburg was thus called to the 
subject of magnetism^ and, on the recommendation of" 
Baron Humboldt, the emperor liberally agreed to erect 
magnetic observatories in suitable stations, foiT determining 
every ten years, the exact position of tlie tpso 
vorto^ton which pass through hid opipire. 

In dctcrmhuDg the intensity of tjerrestrial inaghdtisin, 
Professor Hansteen observed that the time of vibration o€ 
a horizontal needle varied during the day. Graham had 
previously suspected a change of this kind, but his 
methods were not accurate enough to prove it. HanstOen, 
however, fbimd that the minimum intensity took plaeey 
hetwe^' IQ and , 11 a. iL.^d the maximum between 4 
and 5 ^ M. ite poi^de^ also ^hat ad annual 

variation, the intensity being eonsiderably greater in win- 
ter near the perihelion, than in summer near the aphdion ; 
that the greatest monthfy variation was a maximum when 
the earth is in its perihelion or aphelion, and a minimum 
near the equinoxes ; and that the greatest daily variation 
is leapt in winter and greatest in summer. He foilnd also 
that the aurora borealis weakened the magnetic ibroe, and 
the magnetic intensity is always weakest when 
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moon crosses the equator. In making experiments in the 
round tower at Copenhagen, he found that the magnetic 
intensity increased regularly towards the top, where it 
was a maximum ;♦ and having extended his observations, 
he obtained the general result, that at the foot of any 
vertical object, the needle oscillates quicker at the north 
side of it, and slower at the south side ; whereas at the 
upper end it oscillates quicker at the souQi side, and slower 
at the north side. 

In the aerostatic ascent of MM. Gay-Lussac and Biot, 
they were unable to detect any change in the intensity of 
terrestrial magnetism at the height of 4000 metres. 
Saussure, however, had found that the intensity was consi- 
derably leas on the Col du G4ant than at Chamouni and 
Geneva, the difference in^ the levels of these places being 
in the one case 10,000 and in the other 7800 feet, but his 
observations contradict his conclusion. M. Kupffer has 
more recently obtained a similar result by observations on 
Mount Elbrouz, having found a decrease of intensity in 
rising 4500 feet above his first station ; and he explains 
the result obtained by MM. Gay-Lussac and Biot by sup- 
posing that an increase of intensity was produced by the 
diminution, of temperature. Mr Henwood, on the other 
hand, has raafjk observations at the sur^e of Dolconth 
mine, ^ beneath its siuface, and on a hill 710 

feet above the Wei of the sea, without being able to detect 
any difference in the intensity. To the late Captain Fos- 
terf wd owe many valuable observations on the magnetic 
intensity, made at Spitzbergen and elsewhere. From these 
he concluded, that the diurnal change in the horizontal 
intensity, is principally, if not wholly, owing to a small 
change in the amount of the dip. The maximum took 
place at about 3h. 30' A. m., and the minimum at 2h. 4? 
p. M., its greatest change amounting to one eighty- third 

* The height of the tower is 126 feet 

t VUL Trans. 1828. 

b2 
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of its mean value. Captain Foster is of opinion that thest-^ 
changes have the sun for their primary agent, and 
his action is such as to produce a constant inflexion 
the pole towards the sun during the 24 hours, an idcsi- 
which Mr Christie bad previously stated.* 

About the year 1818, Professor Barlow of WoolwicU 
turned his attention to the subject of magnetism, with the 
view principally of calculating the effect of a ship’s gnus on 
the compass. In trying the effects of different iron ballB, 
he was led to the curious facts, — ^that there exists round 
every globe and mass of iron a great circle inclined to 
horizon at an angle equal to the complement of the dip ot 
the needle ; that the plane of this circle is a piano of no 
attraction upon a needle whose centre is in that plane > 
that if we regard this circle as the magnetic equator, the 
tangent of the deviation of the needle from its north or 
south pole will be proportional to the rectangle of the 
sine of the double latitude, and cosine of the longitude ; 
that when the distance of the needle is variably, the tan- 
gent of deviation will be reciprocally proportiouai to the 
cube of the distance ; and that, all things else being the 
same, the tangents of deviation will be proportional to 
the cubes of the diameters of the balls or shells, whatever 
be their masses, provided their thickness exceed a oertain 
quantity. 

. These results appeared in the first edition of IVIr 
Barlbw’s JBsstup on Magnetic Attractions i but in the 
second edition of that work, he has published acme cpirlouR 
experiments respecting the relative magnetic power of 
different descriptions of iron and steel, and on the eBfect 
of temperature on the quality and quantity of the attractive 
power of iron. The results of the first of these series of 
experiments were as follow, the numbers expressing the 
proportional magnetic power of the different descriptions 
of iron and steel. 

* Trans. 1 827, pp, 346 — 349i 
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Malleable iron TOO Shear steel, hard 53 

Blistered steel, soft... 67 Cast iron 48 

Blistered steel, hard . 53 Cast steel, soft 74 

Shear steel, soft...... 66 Cast steel, hard ...49 

In his experiments on the effects of temperature, Mr 
Barlow found that every kind of iron and steel possessed 
a greater capacity for the development of its magnetism 
when softened by heat than when cold ; from which he 
concludes that its complete development when cold is 
prevented only by the hardness or resisting power of tho 
metal. At a white beat ho found that iron lost entirely 
its magnetic power, a result apparently inconsistent with 
the preceding conclusion ; but, what was a still more 
extraordinary circumstance, when the white heat, at which 
thei'O was no magnetism, began to subside into a bright 
red^ or red heat, an attractive power shewed itself, the 
reverie of what it had when cold ; and after it had passed 
through these two shades of colour, it resumed the same 
attractive power which it had when cold, tho passage from 
the negative attraction of red passing into the positive 
attraotion of the cold metal at tho point of a rod licat, the 
maximum, however, taking place at a blood- red heat. 

The experimental laws of attraction of an iron shell or 
sphere, obtained by Mr Barlow, were first examined theo- 
retically by Mr Charles Bcnnycastle, who deduced them 
mathematically fipom the theory of jEpinus, which supposes 
tho two magnetic fluids to be accumulated -in the poles of 
magnots. This theory, however, led to some improbable 
consequences, and therefore Mr Barlow was induced to 
adopt that of Coulomb and Brot, with tlie modification, 
that the magnetic power all resides on the surface of iron 
bodies, and is independent qf the mass^^vu modification 
which enabled Mr Barlow to obtain a general analytical 
expression of the disturbing power of an iron ball at its 
surface, as compared with that of the earth, and from 
which he deduced theoretically all liis experimental laws. 
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These important discoveries enabled Mr Barlow t(? 
invent a most ingenious method of correcting the error of 
the compass, arising from the attraction of all the iron on 
board ships. This source of error had been noticed by 
Mr Wales, Mr Downie in 1794, and by Captain Flinders ; 
but it is to Mr Bain* that we owe the distinct establish- 
ment and explanation of this source of error. As a hollow 
shell of iron about four pounds in weight acts as powerfully 
at the same distance as a solid iron ball of 200 pounds 
weight, Mr Barlow happily conceived that a plate of five 
or six pounds weight might be made to represent and 
counteract the amount of the attraction of all the iron on 
board a vessel, and therefore leave the needle os free to 
obey the action of terrestrial magnetism as if there w'ere 
no iron in the ship at all. After this ingenious contrivance 
had been submitted to the Admiralty, it was tried in every 
part of the world 5 and even in the regions which surround 
the magnetic pole, where the compass becomes useless, it 
never failed to indicate the true magnetic direction when 
the connecting plate was properly applied. At Port 
Bowen, where the dip is 88°, and the magnetic intensity 
which acts upon a horizontal needle extremely weak, the 
azimuth compass on board Captain Parry’s ship gave the 
very same variation as that observed on shore. Such 
an invention as this,” says Captain Parry, so sound in 
principle, so easy of application, and so universally bene- 
ficial in practice, needs no testimony of mine to. establish 
ita merltsi but when I, oonsider the many anxious days 
and sleepless nights which the uselessness of the compass 
in these sw had formerly occasioned me, I really should 
have esteeijoed it a kind of personal ingratitude to Mr 
Barlow', as well as great injustice to so memorable a dis- 
, oovery, not to have stated my opinion of its merits, under 
, ofToumstances so well calculated to put them to a satis- 
.feotoiy trial.” For this beautiftil invention, the Board of 
f'i'j 'r' ' * Treatise on the Variation of the CSonipaas, 
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Longitude conferred upon Mr Barlosv the highest reward 
of £ 600 ; and the Emperor of Russia, who was never 
inattentive to the interests of science, sent him a iine gold 
watch and a rich dress chain, for the same conti’ivance. 

A series of beautiful discoveries was made about this 
time by M. Arago, Mr Christie, and Mr Barlow, on the 
influence of rotation on bodies both magnetic and non- 
magnetic. Mr Barlow, so early as 1818 or 1819, had 
found, that when a plate of iron was made to turn upon 
its centre, ditferent parts of its circumference had different 
degrees of magnetic action on the compass; but hero 
there was no effect discovered as due to rotation, In 
1821, Mr Christie, in a series of exporimouts on iron 
plates, not only found that different parts in the circum- 
ference of the same plate had different attracting powers ; 
but that the same part had a different influence^ according 
as the same plate teas inode to revolve to the right or left 
hand. Mr Christie therefore discovered that there was a 
deviation due to rotation, and that magnotioal effects were 
produced which were nearly independent of the velocity 
of rotation, and which continued after the rotation had 
ceased. When the rotation was very rapid, the forces 
exerted upon the needle were always in the same direction 
as the forces derived from the slowest rotation, and which 
continue to act after the rotation has ceased, the former 
being to the latter nearly as three to two. From all the 
observations made by Mr Christie, he considers that the 
direction of the magnetic polarity acquired by rotation, 
whether at right angles to the lino of the dip or not, has 
always a reference to the dircctiou of the terrestrial mag- 
netic force; and he infers that this magnetism is commu- 
nicated to it from the earth. “It dooB not therefore 
appear from this,” says Mr Christie, “ tliat a body can 
become polariased by rotation alone, indopendently of the 
action of another body ; so that, if from these experiments 
wo might bo led to attribute the magnetic polarity of the 
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earth to its rotatioo, we must at the same time suppose a 
source from which magnetic influence is derived. Is it 
not, then, possible that the sun may be the centre of such 
influence, as well as the source of light and heat, and that, 
by their rotation, the earth and other planets may receive 
polarity from it ?” When these experiments were 
repeated at Port Bowen in 1825 by Captain Foster, the 
phenomena were exhibited on a more striking scale. 

In December, 1824, Mr Barlow began a series of expe- 
riments, with the view of ascertaining whether magnetism, 
as produced by various processes with iron, could *be 
excited or disturbed by rapid rotation. They were com- 
pleted in January, but their publication was delayed till 
June, that an account of them might appear along with 
those of Mr Christie above mentioned. Mr Barlows 
first experiments were made on a 13-inch shell attached 
to a lathe turned by a steam-engine, the mean speed of 
which was about 640 revolutions in a minute. The 
deviation of a needle exposed to its action increased with 
the velocity, and remained constant while the velocity 
continued constant, the needle always returning exactly 
to its original position the moment the motion of the ball 
ceased. This, therefore, is a phenomenon different from 
that observed by Mr Christie, — a temporary effect wholly 
dependent on the velocity of rotation ; whereas that 
observed by Mr Christie was permanent, and nearly inde- 
pendent of the number of revolutions. In examining the 
direction of the new force impressed upon the iron shell, 
he found it to be in every case equivalent to a polarization 
at right angles to the axis of rotation. 

Previous to the publication of these experiments, and 
without any knowledge of them, M. Arago had made the 
remarkable discovery, that if plates of copper and other 
substances are put into rapid rotation beneath a magnetized 
horizontal needle freely suspended, the rotatory plate will 
first cause the needle to deviate from its true dlreotion $ 



HISTORY- 


‘ 39 


and by increasing the velocity, the deviation will increase, 
till the needle passes the opposite point, when it will 
continue to revolve, and at lost with such velocity that 
the eye is unable to distinguish it. 

M. Arago was led to this beautiful discovery by a pre- 
vious series of experiments of great interest. He found 
that a magnetic needle oscillating above or near any body 
whatever, such os a plate of metal or a surface of water, 
gradually oscillated in arcs of less and less amplitude, as 
if it had been placed in a resisting medium ; and, what 
was particularly remarkable, the number of oscillations 
performed in a given time was not changed. This curious 
fact was announced to the Academy of Sciences in Paris 
on the 22d of November 1824 ; and he was hence con- 
ducted to the still more remarkable discovery of the 
effects of rotation which we have already mentioned. 

M. Seebeck of Berlin repeated the experiments of M. 
Arago on the influence of plates of metal and other sub- 
stances in diminishing the amplitude of oscillation ; Jbut 
we must reserve our account of them till we come to the 
chapter on that subject. 

The experiments of M. Arago on the rotation of metallic 
plates were described and repeated by M. Gay-Lussac in 
London in the month of March or April 1825 ; and they 
excited so much attention, from their connection with the 
effects observed by Mr Barlow, that Mr Babbage and Mr 
Herschel immediately erected an apparatus for repeating 
them. In their first trial, the deviation of the needle did 
not exceed 10° or 11° with a revolving plate of copper. 
In order to enlarge the visible effect, they reversed the 
experiment, in order to try whether discs of copper and 
other non-magnctic substances might not be set in motion 
if suspended over a revolving magnet. A horse-shoe 
magnet, capable of lifting twenty pounds, was made to 
revolve rapidly about its axis of symmetry placed verti- 
cally. A circular disk of copper, six inches in diameter 
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and one twenty-fifth of an inch thick, was suspended 
centrally over it, by a silk thread just capable of supporting 
it. A sheet of paper being interposed, and the magnet 
set in motion, the copper began revolving in the same 
direction, at first slowly, but with an accelerating velocity. 
On reversing the motion of the magnet, the velocity of 
the copper was destroyed gradually. It stopped for an 
instant, and then immediately began to revolvo in the 
opposite direction. Screens of paper, glass, wood, copper, 
tin, zinc, lead, bismuth, were interposed betwixt the 
magnet and the copper, but they exerted no sensible 
interceptive power. But when tinned iron plate was 
interposed, the magnetic influence was greatly diminished 
by one plate, and almost annihilated by two thicknesses 
of it. A piece of iron connecting the two poles of the 
revolving magnet produced the same effect. The sub- 
stances in which signs of magnetism were developed by 
the revolving magnet, were copper, zinc, silver, tin, lead, 
antimony, mercury, gold, bismuth, and carbon in the state 
in which it is precipitated from carburetted hydrogen in 
gas-works. By getting plates of different metals cast in 
the same mould, they found that the proportional intensity 
of magnetic action for each respectively was as follows : 


Zinc 

Ml 

Lead..... .... 0*25 

Copper... 

1-00 

Antimony . .0*01 

Tin 

0-61 

Bismuth ....inappreciable. 

M, Arago 

had observed the very remarkable feet, that 


if the disc of copper be out from the circumferenoe towards 
the centre, like radii, but without taking away the metal, 
tho action upon the needle is greatly diminished. After 
verifying this result, Messrs Babbage and Herschel ascer- 
tained that re7e8tablisbing the metallic contact with other 
metals, restored, either wholly or very nearly, tho original 
power of the plate, even though the soldering metal had 
a very feeble magnetic power. The law of the force, with 
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a decrease of distance, they found to vary between the 
square and tlio cube. « The rationale,” says Messrs 
Babbage and Herschel, “ of these phenomena, as well as 
of those observed by Mr Barlow in the rotation of iron, 
which form only a particular case (though certainly the 
most prominent of any) of the class in question, seems to 
depend on a principle which, whether it has or has not 
been before entertained, or distinctly stated in words, it 
may be as well, once for all, to assume here, as a postu-> 
latunfiy viz. that in the induction of Tnagnetism^ time enters 
as an essential element, and that no finite degree- of mag^ 
netic polarity can he communicated to or taken from any 
body whatever, 8uscq>tihle of magnetism in an instant 

The preceding results were verified by Mr Christie, 
who found, that when a thick plate of copper revolved 
under a small magnet, the force which deflected the 
needle varied inversely as the fourth power of the 
distance ; but when the copper discs were small, and the 
magnets largo, the power of the distance was between the 
square and the cube ; when the plates were of different 
weights, the force was nearly in the ratio of the weights 
at small distanoes, but at smaller distances it varied in a 
higher ratio# 

The discovery of two poles of maximum cold on oppo- 
site sides of the north pole of the earth, wbioh was 
announced by Sir David Brewster in 1820, led him and 
other authors to the opinion that there might be some 
connection between tho magnetic poles and those of 
maximum cold. « Imperfect,” says he, as tho analogy 
is between tho isothermal and magnotlo centres, it is yet 
too Important to be passed over without notice. Their 
local ooincidenoe is sufficiently remarkable, and it would 
bo to overstep tho limits of philosophical caution to main- 
tain that they have no other connection but that of acci- 
dental locality ; and if wo had as many measures of tho 
mean temperature as we have of the variation of the 
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needle, we might determine whether the isothermal poles 
were fixed or moveable.** And he concludes his paper 
on the mean temperature of the globe \vith the following 
paragraph : “ Having thus endeavoured to establish a new 
law of the distribution of heat over the surface of the 
globe, it might be no uninteresting inquiry to investigate 
the causes which have modified in so remarkable a man- 
ner the influence of the solar rays. The subject, however, 
is too comprehensive and tod hypothetical to be discussed 
at present How far the general form and position of 
the continents and seas of the northern hemisphere may 
disturb the natural parallelism of the isothermal lines to the 
equator, — to what extent the current through Behring^s 
Strait, transporting the waters of warmer climates 
across the polar seas, may produce a warm meridian 
in the direction of its motion, and throw the coldest 
parts of the globe to a distance from the pole, — whether 
or not the magnetic, or galvanic, or chemical poles of tho 
globe (as the important discoveries of Mr Oersted entitle 
US to call them,) may have their operations accompanied 
with the production of cold, one of the most ordinary 
effects of chemical action, — or whether the great raelallic 
mass which crosses the globe, and on which its magnetic 
phenomena have been supposed to depend, may not occasion 
a greater radiation of heat in those points where it deve- 
lops Its magnetic influence, — are a few points which wc 
may attempt to discuss when the progress of science has 
accumulated a greater number of and made us 

better acquainted with the superficial condition as well as 
the internal organization df the globe.” ^ 

The two poles of maximum cold, which will likely per- 
form an important part in the future history of terrestrial 
magnetism, are situated, according to Sir David Brewster, 
as follows, according to the best observations made both 
near them and at a distance. Tho American pole Is 

* JEdinburffh TranstfctionSf 1820. ’ 
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situated in latitude 73® north, and longitude 100® west 
from Greenwich, a little to the east of ^pe Walker ; and 
the Asiatic pole in latitude 73° north, and longitude 80° 
east, between Siberia and Cape Matzol on the Gulf of Oby. 
Hence the two warm meridians will be in west longitude 
10° and east longitude 170°, the latter passing through 
Lord Mul grave's range, and the former between St Helena 
and Ascension Island. The two cold meridians, or those 
which pass through the poles of maximum cold, will be in 
west longitude 100° and east longitude ^80®, the latter 
passing near Mexico and through Bathurst Island, and 
the former through Colombo in Ceylon, Berar in Hin- 
dustan, and crossing the Oby a little to the west of Narym 
in Siberia. The following is the formula which the same 
author bos given for the mean temperature at any point 
of the globe, T being the mean temperature required, 
t the maximum equatorial temperature, r the minimum 
temperature at each of the cold poles, and 3' the dis- 
tances of the place from the two cold poles. 

T rz (t — r) (sin.^ 6 . sin.” S') + r. 

The distances S' are found from the formulm- 

cos.3 = ££!iH£2!iIiz:Oand 

cos. 0 

tang. ^ z= cos. M tang. L ; 

in whioh L is the oolatitude of the pole of maximum cold, 

I the colatitude of the place, and M the difference of 
longitude between the place and the pole of maximum 
cold. The values of t and v have been determined with 
considerable accuracy, t being nearly 82°’8 Fahrenheit, 
and r from 0® to — 8^®. The 'exponent n is nearly fths, 
but future observations may induce us to increase or 
diminish it 

Now, it is a remarkable ciroumstance that same for- 
mula, mutaiis mutandis^ expresses the magpetle intensity , 
of magnetisnx at any point of the eartVs auifhoe, the 
intensity at the two magnetic poles bedng supposed equal. 
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If we call S the maximum number of seconds in which 
any number n of oscillations are performed which takes 
place at the island of St Thomas on the west coast of 
Africa, and s the minimum number of seconds in which n 
oscillations are performed which takes place at the mag- 
netic poles, then the intensity 1 will be 

I rr (S ^ — 5 ) (sin.»* d sim^^ if) -f* 

6 and if being determined by the formulm already given, 
adopting the position of the poles in the preceding page. 
The values of S and s, according to Captain Sabine and 
Hansteen, will be about 370" and 262^''. This formula 
will give for the isodi/namicai lines, or those of rcpial 
intensity, a series of returning eurves of the nature of 
Lemniscatea, almost similar to those drawn by Captain 
Sabine, and given in a future figure, and exactly like the 
polar isothermal linos. 

The connection thus indicated between the heat and the 
magnetism of the earth has been studied by succeeding 
authoi’s, and the general principle has been adopted by 
many distinguished philosophers. Dr Traill expressed the 
opinion, « that the disturbance of the equilibrium of the 
temperature of our planet by tho continual action of the 
flunks rays on its Intertropioal regions, and by tho polar 
ices, must convert tho earth into a vast thermo^magneiic 
qppararw^ and that the disturbance of the equilibrium 
of temperature even in stony strata may elicit some dogroo 
of magnotism.” Mr Christie thinks It ** not improbable 
that difference of temperature may bo the primary oaupo 
of tho polarity of tho earth, though its influence may he 
modified by other cirouhistanoes.” M, Ainpbro, who 
ascribes magnetism to transverse olcctriool currents, thinks 
that tho strata of our globe may form conBidcrablo galvanic 
arraugomonts, and that the ulootrio currouts maybe ofibotod 
by tho rotation of the earth. M* Oersted romarks, in a 
recent troatiso on thormo^clcotricity, “that the most efll- 
oacious excitation of oloctrioity upon the earth appears to 
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be produced by the suu producing daily evaporation, de- 
oxidation, and heat, all of which excite electrical currents " 
After stating that the sun‘ daily'^produces electric currents, 
and these currents magnetism, he observes, that “ thus the 
earth seems to have constant magnetic polarity^ 
in the course of time by the electrical currents which sur- 
round it, and a variable magnetism^ produced immediately 
by the same current.*’ As the sun produces different 
effects on water and solid bodies, Oersted supposes that 
the intensity will vary in the same parallel, and the direc- 
tion of the needle will be oblique to the equator, in con- 
sequence of the lines of equal electro-mEignetic intensity 
being twice bent by the influence of the two great masses 
of continent. The yearly and daily change,” he ob- 
serves, “ must occasion yearly and daily variations. As 
to the variations comprehended in greater periods, we 
might perhaps attribute them to a motion of the coolest 
points in smh continerUSi which, it appears, cannot remain 
the same for ever, because the currents of warmer air must 
principally be directed to such points.” Analogous views 
have been recently stated by M. Kupffer, in a memoir 
read in 1829 to the Russian Academy, in which he adopts 
explicitly Sir David Brewster’s opinions of the existence 
of two cold pol^s distant from the pole of revolution. 
“ But this distribution of temperature,” says he, “ appears 
also to have a great inflvje/me on the distribution of die inten- 
of terrestrial magnetism* This would no doubt be the 
case if it is true, as I have tried to shew in another me- 
moir, that terrestrial magnetism resides at the surface of 
the globe. We have here the choice between two hypo- 
theses,!— either the earth should be considered as a pmghet 
existing by itself? and then the intensity qf its magi^sxh 
will be the inve^i^e of its temperature ; or it receives its 
influence from without, and is only like a piepe of soft 
iron, to which the presence of a distaurt body bommuni-- 
cates magnetism, and then the intenstty of iU magnetism 
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will increase with its temperature. Though the first of 
these hypotheses has been hitherto generally adopted, yet 
the second acquires some probability from the discovery 
of the magnetic influence of the solar rays, and of the 
known relation between the diurnal variations of the de- 
clination of the needle and the course of the snn.*^ The 
connection between the poles of maximum cold and those 
to which the isodynamical magnetic lines are related, is 
considered by Dr Dalton as a probable supposition. ‘‘ If 
the idea,” says he, “ suggested by Sir David Brewster in 
the Transactions of the Royal Society of Edinburgh, vol. ix. 
J821, be correct (and there seems great reason to believe 
it to be so,) namely, that there are iioo poles of greatest cold 
in the northern hemisphere^ the above observation will 
enable us to see the natural cause of this remarkable fact. 
The lands within the arctic circle, in the absence of the 
sun, must depend upon the south-west winds frona. the two 
great oceans for their winter heat. Those parts of the 
eastern and western continents which are most remote 
from the ocean, as measured along the curvilinear tracts 
of the current of air, must receive that air in great measure 
deprived both of its vapour and its temperature. Accord- 
ingly it is found that the temperature of the noi*th-east 
parts of such continents exhibits the extreme of cold. 
Probably a latitude of 76° north, and a longitude of 90^ 
east and 90 ° west, would be found nearly equally cold, and 
to exceed any other place on the sur&oe of the globe in this 
respect 5 and it woidd be a curious coincidence if Pro- 
fessor Hansteen’s two supposed northern magnetic poles 
should be found in the same positions as the two poles of 
extreme cold.'** ^ 

In a general history of magnetical discoveries, it may be 
proper to take some' notice of the very curious experiments 
which have been made respecting the influence of thi^ 
* MeUoTologic<d Ohservaiions and Easa^ second edition, 

p. 216 . 
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solar rays in the productioji of permanent magnetism, 
although, according to the generally received opinion, the 
existence of such an influence has not been established ; 
but if the propriety of doing this had been doubtful, the 
observation just made by M. Kupffer, as connecting this 
supposed property of violet light with terrestrial magne- 
tism, would have removed the doubt. Dr Morichini, an 
eminent physician in Rome, was the first who announced 
it as an experimental fact, that an unmagnetized needle 
could be rendered magnetic by the action of the violet 
rays of the sun. His experiments were successfully 
repeated by Dr Carpi at Rome, and the Marquis Ridolfi 
at Florence ; but M. d^Hombre Firmas at Alais in France, 
Professor Configliachi of Pavia, and M. Berard of Mont- 
pellier, fkilcd in obtaining decided magnetic effects from 
the violet rays. In 1814, Dr Morichini exhibited the 
actual experiment to Sir Humphry Davy, and in 1817 Dr 
Carpi shewed it to Professor Playfair. A few months 
after Sir Humphry witnessed the experiment, the writer 
of this article met him at Geneva, and learned from him 
the fact, that ho had paid tlie most diligent attention to 
one of Moriohini*8 experiments, and that he saw, with his 
own eyes, an unmagnetized needle rendered magnetic by 
violet light. The following account of the experimerit 
made by Dr Carpi woe given to us verbally by Professor 
Playfair, who approved of the statement of it which we 
drew up at the time. ** The violet light was obtained in 
the usual manner, by means of a common prism, and was 
collected into a focus by a lens of a sufficient size. The 
needle vras made of soft wire, and was found upon trial 
to possess neither polarity nor any power of attracting 
iron filings. It was fixed horizontally upon a support by 
means of and in such a direction as to cut the mag- 
netic meridian at right angles. The focus of violet rays 
was carried slowly along the needle, proceeding from the 
oentre towards one of the extremities, (nwe being taken 
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never to go back in the same direction, and never to 
touch the other half of the needle. At the end of half an 
hour after the needle Tvas exposed to the action of the 
violet rays, it was carefully examined, and it had acquired 
neither polarity nor any force of attraction ; but after 
•ontinuing the operation twenty-five minutes longer, when 
it was taken off and placed on its pivot, it traversed with 
great alacrity, and settled in the direction of the magne- 
tical meridian, with the end over which the rays had 
peissed turned towards the north. It also attracted and 
suspended a fringe of iron filings. The extremity of the 
needle that was exposed to the action of the violet rays 
repelled the north pole of a compass needle. This effect 
was so distinctly marked as to leave no doubt in the 
minds of any who were present, that the needle had 
received its magnetism from the action of the violet rays.*’ 
In this state of the subject, Mrs Somerville made some 
simple and well-conducted experiments, which seemed to 
set the question at rest, from the distinct and decided 
character of the results. A sewing needle, an inch long, 
and devoid of magnetism, had one half of it covered with 
paper, and the other exposed to the violet rays of the 
spectrum, five feet distant from the prism. In two hours 
it acquired magnetism, the exposed end exhibiting north 
polarity. The indigo rays produced an equal effect, and 
the ^lue and green the same in a less degree. The gellotOt 
orange, and red rays had no effect even after three days’ 
exposure to their action. Pieces of blue watch-springs 
received a higher magnetism. When the sun’s light f^l 
upon the exposed end through blue coloured glass, or 
through blue or green riband, the same magnetic effects 
were produced. 

The experiments of Mr Christie, an account of which 
was read to the Royal Society a short time before Mrs 
Somerville’s, confirmed her results to a certain degree, by 
a different mode of observation. He found that the 
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compooud solar rays possessed magnetic influence, and 
exhibited it in their effect of diminishing the vibrations 
of magnetized and unmagnelized steel needles, and also 
needles of copper or of glass, by making them oscillate in 
the sun’s white ray„ Mr Christie, however, has recently 
remarked, that as his experiments have not succeeded on 
repetition by Mr Snow Harris, when made in a vacuum, 
his results must have been owing to currents of air. In 
justice to Mr Christie, however, we must mention, that 
Professor Zantedeschi repeated Mr Christie’s experiments 
at Pavia, under an Italian sun, with a needle a Paris foot 
long, and obtained a striking result. This needle, when 
drawn from its position of equilibrium through an area of 
90°, performed four oscillations in 30^^ the last of which 
had a semi-amplitude of 70*^. In the solar rays it performed 
in 3(y' four oscillations, the last of which had only a semi- 
amplitude of 60®, When he exposed to the sun the north 
pole, the semi-amplitude of the last oscillation was 6° less 
than that of the first, while by exposing the south pole 
this last oscillation became greater than the first. The 
experiments of Baumgartner and Barlocci tended to con- 
firm these results. The former found that iron wires 
polished on a part of their length ju’e magnetized by white 
fiolar light, exhibiting a north pole on the* polished part 3 
and the latter has shewn that an armed natural loadstone, 
which carried 1-J Roman pound, exhibited, after three 
hours’ exposure to the strong light of the sun, an increase 
of energy equivalent to 2 ounces, or Jth of a pound, while 
another larger one, which carried 5 pounds 6 ounces, had 
its strwglh Boarly doubled by two days’ exposure. Zan- 
tedesoUi tried an artificial horse-shoe loadstone, which 
carried ounces ; after three days’ exposure to the sun 
it carried 3^ onnoes more, and by continuing Its exposure 
its power Inoreaised to 3l ounces. An oxidated magnet 
gained most powr, and a polished one none. He found 
also that the north pole of a loadatonO exposed to the 
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sun's rays concentrated by a lens acquires strength, while 
its south pole, similarly exposed, loses it. 

Notwithstanding all these results, the general opinion 
seems now to be, that light does not exercise any decided 
effect in producing magnetism. The experiments of MM. 
P. Ries and Moser were made with needles both polished 
and oxidated, and also wires half-polished j and 
polarfeed as well as eomraon light was made to fall upon 
them.in a concentrated state, but no decided effect upon 
tbdr number of oscillations could be observed ; and they 
state that they think themselves justly entitled to r^'ect 
totally a discovery which, for seventeen yearsy has at diffe-> 
rent times disturbed science. 

In 1827, Mr Snow Harris communicated to the Royal 
Society of Edinburgh his Experimental Inquiries con- 
cen/Ung the Laws of Magnetic Forcesy made with a beauti- 
ful and accurate instrumental apparatus, invented by the 
author for examiniug the phenomena of induced magne- 
tism. With this apparatus he found that the ma^^tic 
detelopment in masses of iron by induction is, > 

direedy jnoyoT^om^ to die potoer of the inductive 
Jbrcey and inversely as the distance; and that the forces 
which magnets develop in a mass of iron at a given dis- 
tance, within certain limits, may be taken as a fair measure 
of their respective intensities. From another series of 
otspmrittieeAs baa shewn, that the absolu^ . force of 
a of 

with the. of th© 

with th© Awiee Ind^ueed ih iihshf eateris pofibus ; and 

that when tht fbrde induced in the iron is a constant 
quantity, while, its distance from a temporary or perma- 
nent magnet is variable, the absolute force varies with die 
(^eilcotce. This result was not only apparent when the 
force was varied by induction, but was also 
satmlkctorily shewn when varied by magnets of which -the 
relative powers of induction were previously ascertained. 
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Mr Harris made a number of nice experiments on tbe 
absolute force of attraction and repuleion between two 
ma^etizcd bodies, which ho found to be in the inverse 
ratio of the square of the distance. When, in the case of 
attraction, the magnets, however, were nearly approxi- 
mated in relation to their respective intensities, the incre^ 
raentfl in the forces began to decline, and in some instances 
at near approximations the absolute force was in the simple 
inverse ratio of tlie distance. In tho experiments with 
the repelling poles, the deviations from the regular force 
vrero still more considerable, and, what is curious in this 
cose, the force became less and loss, until tho polarity of 
the weaker magnet appeared to be so counteracted by 
induction, that the repulsion was at length superseded hy 
attraction, Mr Harris next proceeded^to determine the 
law according to which the forces are developed in diffe- 
rent points of the longitudinal magnetic axis between the 
centre and polos of a magnet, and he found that it varied 
directly as the square of the distance from the magnetic 
contro, — a law which is uniform in bars of steel regularly 
hardened and magnetized throughout, Tliis law of distri- 
bution is exactly the same as that which has been given 
by Hansteon. , , 

Mr Harris has also published other two memoirs in the 
Philosophical Transactions for 1831, tho first On the 
Influence of Screens in arresting the progress of Magnetic 
Aotiqriy and the second 0}% the Power of Masses of Iron 
to ccnitrol tlw Attractive Force of a Magnet^ of both of 
which some account will be found in a subsequent section. 
In his htefet paper, On the Investigation of Magnetic 
intensity by the OsoUlations cf the Magnetic Needle^ he 
cxpbsod an oscillating magnetic bar to a bright sufnshi^ne i 
and though he observed the effeot noticed by Mr Christie, 
which that philosopher ascribed to the influence of the 
sun’s rays, yet he found, that tlmy all disappeared when 
the needle was made to oaoillate in an exhausted receiver 
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M. Hfddat of Naocy coinmunicated, in 1830, to tfi6 
society of that city, the results of some interesting re- 
searches on the incoercibility of the magnetic fluid, or its 
power of exerting its influence through all bodies, oven the 
moat dense, — a property which is not possessed by light, 
heat, or electricity. In this research he adopted various 
methods of obs^vation, and interposed a great variety of 
substances ; and from the numerpus experiments which he 
made^ he has drawn the following conclusions : — 1* That 
the agent ot fluid by which the magnetic phenomena are 
explained is incoeroible in the present state of the ecience ^ 
2. That iron, considered as presenting an exception to this 
kw, coerces the magnetic influences only by acquiring 
itself the magnetic state ; 3. That incandescence does not 
to bodies the power of coercing the magnetic influ- 
eoda. Li a previous memoir, M. Haldat had obtained 
some interesting results on the production of raagnetism 
by friction. He found that aH hard bodies may, by 
ipe^s of fnctioD, Assist in the deoompositioii of the mag- 
usfflc fioid, if their action is promoted the cooabined 
magnets Vhich, by themselves, are incapable of 
pvbdhicihg U- If A piece of soft wire, for example, four 
inches long^ and l-25th of an inch in diameter^ k placed 
horizontally between two bar-magnets, with their opposite 
poles kcing each other, and at such a distance that the 
vtrire cannot be inagnetized, it will receive distinct mag-* 
netism by ftiotion witih all hard bodJeA^ soch ao boj^per, 
brass, aino, glassi hard ’#nb,ds, &c. 1!^ espptoyed 

the ingenious process of M. ^y-liussac, of magnetizing 
soft iron hy torsion, in neutralizing the wires before they 
were magnetic. If they are twisted *after receiving 
magnetisni, they will preserve tbe magnetism which they 
had received before torsion ; but if, after being twisted^ 
they are twisted in an opposite direction^ they will 
become perfectly neutral, 

M. Haldat likewise made some interesting experimentb 
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OR the effect of the coercLve Arce in steel on the mag- 
netism produced by rotation, and he found that the force 
with which a revolving steel disc dragged round a mag- 
netic needle, was in the inverse ratio of the coercive force 
of the steel. When the discs wore not hot, they had the 
same effect as thoso at the ordinary temperature. We 
owe also to M- Haldat an interesting paper on magnetic 
figures. Figures of any kind, when traced by the pole of 
a magnet, on a plate of steel, ore rendered visible b 3 ^ 
sifting upon the invisible tracings filings of steel, which 
arrange themselves in the moat beautiful manner along 
the outlines of tho figure which has been traced. 

A series of very interesting experiments have been 
recently published by M. Quetelet of Brussels, On the 
mccessive degrees of Magnetic Force which a Steel Needle 
receives during the multiple frictions which are employed 
to magnetize it These experiments were made principally ‘ 
boforo 1830, but they were not given to the public till 
1833. Tho following are the general results which wei’e 
Obtained by tho author : 

1. When a needle or bar that had never been mag- 
netized, is magnetized to saturation by the method of 
separate contact, the magnetic force acquired is a maxi** 
mum in relation to the forces which can be given to the 
same needle or bar by the subsequent reversals of its poles. 

2. The magnetic force which a needle can acquire 
becomes weaker in proportion os tho reversal of its poles 
has been multiplied. Tho series of frictions which tend 
to bring back the poles to their primitive state are more 
efficaokms than the others* 

3. This difference between the forces which the needle 

soquires afior the successive reversal of its poles, goes on 
continually diminishing, and converges towards a limit 
It depends in general on the size of the needle in relation 
to that of the rubbing bars, os well as in its force of 
<^edrcion. ^ 
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4. A needle cannot r(?'ceive all the magnetic force 
which it can acquire, if the frictions do not take place 
over all its surface ; this becomes particularly sensible in 
the reversal of the poles. 

5. The. rubbing bars give {ccBteris paribus) to bars of 
the same dimensions as themselves a magnetic force equal 
to that which they possess, and in bars of different dimen- 
sions, the forces acquired are as the cubes of their homo- 
logous dimensions. The last part of this proposition 
was long ago established by Coulomb. 

6* When we rub magnetic bars with other bars weaker 
than themselves, the force of the first diminishes in place 
of increasing : and it appears that the force becomes that 
which those latter bars would be capable of giving at the 
first by directly magnetizing them. 

7. The relation which exists between the forces which 
a needle or a bar receives by successive frictions, and 
the number of these frictions, may be expressed by an 
exponential formula of three constants. 

One of these constants appears to change its value with 
the siz 9 of the bars which are magnetized, at least while 
these bars have a magnitude which does not exceed that 
of the rubbing bare, and while they are of the same 
quality of steel. 

./ In this way we know beforehand the successive degrees 
hif foro^ wbiph a bar t^kes at each friction, if we have 

these eugpaeptations for 
^ ahy othcM:' which we get 

to ^ If die which is rubbed has 

1 begun magnetized)' we must calculate first the num^ 

ber of frictions to .'whiclL this force corresponds, in order 
to be able to assign the , raihfc; of the subsequent frictions, 

^ and .j the maguifude of the corresponding magnetical 
4brces. c 

ym:- the rubbing bars are ; greater tlmu the bar to 
from the ftr^ complete fridtiou dje force. 
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of magnetism is very nearly one half of the force which 
the magnetized bar will finally possess. 

After the twelfth complete friction, the magnetic force 
differs little from that which the rubbing bars can com- 
municate. 

We owe also to M. ftuetelet two interesting memoirs 
on the magnetic intensity of different places in Switzer- 
land, Italy, Germany, and the Low Countries, 

The influence of the aurora borealis on the magnetic 
needle, which was observed by Hiortcr at Upsal in 1741, 
and hy Worgentin in 1750, bad long induced philosophers 
to regard it as a magnetic phenomenon ; and this was greatly 
confirmed by the fact, that the south end of the dipping 
needle points to that part of the heavens to which the rays 
of the aurora appear to converge. “ The aurora borealis," 
says Dr Robison, is observed in Europe to disturb the 
needle exceedingly, sometimes drawing it several degrees 
from its position. It is always observed to increase its 
deviation from the meridian, — that is, an aurora borealis 
makes the needle point more w-esterly. This disturbance 
sometimes amounts to six or seven degrees, and is gene- 
rally observed to be greatest when the aurora borealis is 
most remarkable. 

This is a very curious phenomenon, and we have not 
been able to find any connection between this meteor and 
the position of a magnetic needle. It is to be observed, 
that a needle of copper or wood, or any substance besides 
iron, is not affected. We long thought it an electric phe- 
nomenon, and that the needle was affected as any other 
body balanced in the same manrier would be ; but a copper 
needle would then be affected. Indeed, it may still be 
doubted whether the aurora borealis be an electric 'phe- 
nomenon. They are very frequent and reriiarkable in 
Sweden, and yet Bergman says, that he never observed 'any 
electric symptoms about them, though in the mean time 
. the magnetip needle was grpatly affected* * 



56 


TREATISE ON MAGNETISM* 


We see the needle frequently disturbed, both from its 
general annual position, and from the change made on it 
by the diurnal variations. This is probably the effect of 
aurora boreales which are invisible, either on account of 
thick weather or daylight. Van Swinden says he seldom 
or never failed to observe aurorse boreales immediately 
after any anomalous motion of the needle j and concluded 
there had been one at the time, though he could not see 
it. Since no needle but a magnetic one is affected by the 
aurora borealis, we may conclude that there is some natu- 
rsd connection between this meteor and magnetism. This 
should farther incite us to observe the circumstance for- 
merly mentioned, viz. that the south end of the dipping* 
needle points to that part of the heavens where tho rays 
of the aurora appear to converge. We wish that this were 
diligently observed in places which have very different 
variations and di[>s of the mariner^s needle.” 

A valuable series of observations on the influence of the 
aurora borealis on the magnetic needle was made by Dr 
Dalton^ at Kendal and Keswick, during seven years ftom 
May, 1786, to May, 1793^ and has been published in his 
Meteorological Observations and Essays, which appeared 
in 1793* During these observations he noticed the effect 
which they produced on the magnetic needle, and he was 
thus led to study the phenomena of the aurora, and to 
establiBh beyond a doubt the relation of all its phenomena 
to tliB magnetic poles and equator. His views and specu- 
lations on this Bubjeet we shall detail at so^ le^iiigtli in a 
future part of this treatise; but we shall at present give our 
readers a specimen of the observations which he made on 
the magnetic needle during the changes of an aurora. 

Feb* 12. The aurora appeared at Kendal after 6h. p. m. 
flaming over two-thirds of the hemisphere. Tho beams 
converged to a point in the magnetic meridian, about 1 5® 
or 20° to the south of the zenith. The following were the 
qhanges which he observed in the needle and in the aurora : 
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Time. 

Vviation. 

ObsemtioDS. 

h. 

w. 




5 

0 P.M. 

25® 

5' 

west. 

6 

35* 

24 

49 j 

altitude of the clear space 
south 35°. 

6 

42 

24 

55 

altitude of do. 20°, stream- 



ers bright, east. 

6 

50 

25 

° ( 

‘ streamers bright and ac- 

7 

2 

25 

28 J 

tive all over the illumi- 

7 

5 

25 

12 1 

nated part. 

7 

10 

24 

40 j 

( disappeared in the west, 


[ active east. 

7 

20 

24 

35 j 

active about the zenith, 



^ light faint 

7 

35 

24 

45 

light faint 

8 

0 

24 

45 

strong light northward. 

^ a large uniform still light 

8 

10 

24 

45 

3 covering half the hemi- 

'8 

35 

24 

47 ■ 

1 sphere, with flashes now 
^ and then. 

9 

15 

24 

43 j 

[ stream era no.- west, bright. 

1. east ; clouds. 

9 

20 

24 

43 j 

C the aurora bursting out 


[ openly. 

9 

30 

24 

50 1 

r as flne and large a display 

10 

0 

24 

55 1 

[ of streamers as has ap- 

1 peared this evening. 

10 

15 

24 

57 1 

f the light growing fainter 

10 

35 

24 

40 i 

[ and fainter. 


In these observations, the deviation produced by the 
aurora was 63^, In some cases during the prevalence of 
auroras Dr Dalton did not observe any perceptible dis- 
turbance of the needle. 

Profesftyf Hansteen observes, that large extraordinary 
movements of the needle, in whiohi it traverses frequently 
with a shivering ‘Wotion an arc of several degrees on both 

c 2 
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tides of its usual position, are seldom, perhaps never ex- 
^iibited, unless when the aurora borealis is visible ; and 
that this disturbance of the needle seems to operate at the 
same time in places the most widely separate. “ The 
extent of such extraordinary movements,’* he adds, may, 
in less than twenty-four hours, amount to 5° or 5 ^^, In ' 
most cases, the disturbance is also communicated to the 
dipping rieedle ; and so soon as the crown of the aurora 
quits the usual place (the points where the dipping needle 
produced would meet the sky,) the instrument moves 
several degrees forward, and seems to follow it. After 
such disorders, the mean variation of the needle is wont 
to change, and not to recover its previous magnitude till 
after a now and similar disturbance.” 

From an extensive series of accurate observations made 
by M- Arago at Paris since 1818, the needle was almost 
invariably found to be affected by aurorae that were seen 
in Scotland ; and so striking was the connection between 
the two classes of facts, that the existence of the aurora 
could be inferred from the derangements of the needle. 
]Vt Arago has likewise discovered, that, early in the 
morning, often ten or twelve hours before the aurora is 
developed in a very distant place, its appearance is 
announced by a particular form of the curve which 
exhibits the diurnal variation of the needle, that is, by the 
value of the morning and evening maxima of elongation. 
From & of corresponding observations on the 

hourly decUnatton made by M. Arago ,M. Kupffer, 
who established at Kosen, heat the eastern limit df Europe, 
one of Gambey’s cortipasses, similar to that used at Paris, 
these philosophers were convinced that, notwithstanding 
a difference of longitude of above 47°, the disturbances 
produced upon the needle by the aurora took place at the 
same instant. It is a curious fact, however, and one yet 
unexplained, that during the frequent occurrence of the 
Aurora at Port Bowen, Captain Foster did bot observe any 
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peculiar changes in the direction of the needle, although 
from his great proximity to the magnetic pole, the diurnal 
change sometimes amounted to 4° or 5° ; and, under such 
circumstances, the influence of the aurora ought to have 
been particularly conspicuous. Mr Christie is of opinion 
that the direction of the needle may be influenced by the 
electrical state of the clouds ; and he found it bo so in a 
very distinct experiment which he made for the purpose. 
Captain Sir Everard Hohie had observed the same effect 
produced during thunder storms ; and, in two instances, 
he found that a needle came sooner to rest during a 
thunder storm tlian it had done either previous or subse- 
quent to it, the number of oscillations having been reduced 
in one case from 100 to 40, and in another from 200 
to 120. 

During the late journey of Captain Back to the polar 
regions in 1833, 1834, and 18S5, he found that the needle 
was generally affected by the aurora ; and on one occasion 
the deviation which it produced was 8®. For nearly a 
month, however,” (previous to the 7th January, 1834,) he 
remarks, <<the needle had not been perceived to be affected 
by the aurora, which, it may be proper to observe, was 
always very faint, apparently high, and generally confined 
to one point of the heavens.* Captain Back repeatedly 
observed, that when the aurora was concentrated in indi- 
vidual beams, the needle was powerfully affected ; but 
that it generally returned to its mean position when the 
aurora became generally diffused. On several occasions 
tlie needle restless, and exhibited the vibrating action 
produced by the aurora Vvben this motion was not visible j 
and Captain Back states, that he could not account for. this, 
except by supposing the invisible presence of the aurora 
in fall day. 

The only metaU which were supposed to have a distinct, 

* Appendix to Cnptwn Btfck^e N'orfoUve nf Uke Atetio Land £}^dii*on^ 

i&c. p. 601 . 
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and decided power, and were therefore called magnetic 
metals, are iron, nickel, and cobalt. Mr David Lyon^ 
has lately endeavoured to shew that these metals resemble 
one another, not only in their principal qualities, but in 
the numerical values of their qualities ; and he adds, that 
whilst these three magnetic substances have the values 
above referred to near each other, there are no other 
substances in which the same values come very near or 
fall within those of the three magnetic substances. The 
values to which Mr Lyon alludes are the following :f 



Specific 

Atomic 

Atoms contained 


Gravity. 

Weight. 

in a given spneo. 

Nickel 


....739-61... 

1118 

Iron 


.,..678-43... 


Cobalt 

7-8 

,...788 ... 



The preceding speculation, though ingenious and de- 
serving of attention, has however been overturned by 
some very recent observations of M. Faraday. Cobalt 
and chromiumy" says he, are said to be both magnetic 
metals. 1 caunot find that either of them is so, in its pure 
state, at any temperatures. When the property was 
present in speoimens supposed to be pure, 1 have traced 
it to iron or nickel 

Mr Faraday has very recently published^ some interest- 
ing observations § On the General Magnetic Relations 
09^1 Cf^Wters of the Metals, He is of opinion that all 
the intetals are magnetic, ip the same manner as iroP, 
though not at pbmmop, ordinary 

oireumetances,. . He does not allude to a fdhble magnet- 
ism, unc^tain in its existence and source, but to a distinct 

* London and Edinburgh Phil* Mag, Dsoemher, 1884, p. 4,15, 

M. Pouillet, in his EUmnns do Physiquo^ tom. iii.p. 89, rafers to soitio 
romsrkahle anoJogiea which he has ohsorvod between tho distance of tho 
atoms of bodies and their magnetic properties. 

X London and Edinburgh PhU^ Mag, March, 1888, p< 17^* 

a /6m!. p. 177. 
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and decided power, such as that possessed by iron and 
nickel ; and bis impression is, that there is a certain tem^ 
perature for each metal (well known in the case of iron, 
beneath which it is magnetic, but above' which it loses all 
power,) and that there is some relation between this point 
of temperature and the intensity of magnetic force, which 
the body, when reduced beneath it, can acquire. Iron 
and nickel would then be no more exceptions from the 
metals in regard to magnetism, than mercury is in regard 
to liquefaction. 

In order to investigate this point, Mr Faraday subjected 
various metals in them pure state to a temperature from 
60° to 70? below the zero of Fahrenheit, but he could not 
detect in them the least indication of magnetism. The 
metals tried were the following : 


Arsenic. 

Lead. 

Antimony. 

Mercury. 

Bismuth. 

Palladium. 

Cadmium. 

Platinum. 

Cobalt. 

Silver. 

Chromium. 

Tin. 

Copper. 

Zinc. 

Gold. 

Plumbago. 


Mr Faraday next proceeded to compare iron and nickel 
with respect to the points of temperature at which they 
ceased to he magnetic. Iron loses all magnetic properties 
at an orange heat, and is then to a magnet the same as a 
piece of copper. Mr Faraday found that the point at 
which nickel lost its magnetic relations was very much 
lower than with iron, but equally defined and distinct. If 
heated and then cooled, it remained unmagnetic long after, 
H bad fallen Wow a heat visiblo in the dark ; and almond 
oil can bear and give that heat which makes nickel indif-^ 
ferent to a magnet, its demagnetizing temperature being 
about 630® or 640*^ Fahrk In order to determine what 
relation the ^temperature which took from a magnet its 
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power over soft iron had to that which would take from 
soft iron or steel its power relative to a magnet, Mr Fara- 
day gradually raised the temperature of a magnet, and 
found that it lost its polarity rather suddenly when scarcely 
at the boiling point of almond oil, and then acted with a 
magnet as cold soft iron. It required to be raised to a 
full orange heat before it lost its power as soft iron. 

Hence he concludes, the force of the steel to retain that 
condition of its particles which renders it a permanent 
magnet, gives way to heat at a far lower temperature than 
that which is necessary to prevent its particles assuming 
the same state by the inductive action of a neighbouring 
magnet. Hence, at one temperature, its particles can of 
themselves retain a permanent state ; whilst, at a higher 
temperature, that state, though it can be induced from 
without, will continue only as long as the inductive action 
lasts, and at a still higher temperature all capability of 
assuming this condition is lost. The temperature at 
which polarity was destroyed appeared to vary with the 
hardness and condition of the steel. Fragments of load- 
stone of very high power were then experimented with. 
These preserved their polarity at higher temperatures 
than the steel magnet ; the heat of boiling oil was not 
sufficient to injure it. Just below visible ignition in the 
dark they lost their polarity, but from that to a tempera- 
ture a little higher, being very dull ignition, they acted 
as soft iron would do, and then suddenly lost that power 
also. Thus the loadstone retained its polarity longer than 
the steel magnet, but lost its capability of becoming a 
magnet by induction much sooner. When magnetic 
polarity was given to it with a magnet, it retained this 
power up to the same degree of temperature as that at 
which it held its first and natural magnetism.” 

Some of the results observed by M. Pouillfcst * stand in 
opposition to some of the preceding statements. M. 

* JSlhnoiis ih: Physique, 2(1 edit. tom. iii. p. 80, Varls, 1882. 
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Pouillet considers it ascertain that there zx^five simple 
magnetic bodies, viz. 

Iron, Chrome, and 

Manganese, Cobalt ; 

Nickel, 

and in consequence of having observed some remarkable 
analogies between the distance of the atoms of bodies and 
their magnetic properties, he was led to suppose that the 
magnetic limit of different bodies ought to be found at 
very different temperatures. “ I have, indeed,” says he, 
‘^demonstrated by experiment, — 1 .That cobalt never ceases 
to be magnetic, or rather that its magnetic limit is at a 
temperature higher than the brightest white heat; 2, That 
chrome has its magnetic limit a little below the tempera- 
ture of dark blood-red beat ; 3. That nickel has its mag- 
netic limit about 350® centigrade nearly at the molting 
point of zinc; and, 4. That manganese has its magnetic 
liuiit at the temperature of from 20° to 25° below zero, * 
Experiments,” continues he, “ on these five magnetic 
bodies seem to prove, Isf^ That heat acts upon magnetism 
only in consequence of the greater or less distance which 
it occasions between the atoms of bodies; and, 2(^, That 
all bodies would become magnetic if we could by any 
action whatever make their atoms approach within a 
suitable distance.” 

. Among the latest researches on magnetism arc those 
of Professor Gauss of Gottiugen, who has published an 
account of tbem in a treatise entitled Intensitas vis Mag- 
netiem Terrestris ad ahsolutum mensuram revocatis. His 
object is to impart to magnefical observations the accu- 
racy of astronomical ones. By observing the oscillations 
of a magnetized bar, he finds the product of the horizontal 
intensity of the earth’s magnetism, and the static momentum 

* Pouillot remai'kB cIbowIiofo, that manganeso does uot bocomq 
magnetic till it is cooled down to 16° or 30*’ below zero. de Phyt, 

ili.p.lO.) 
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of the free magnetism of the bar ; and by eliminating 
the latter from the two equations, he obtains an absolute 
measure of the former, independent of the magnetism of 
the bar. The horizontal intensity thus found is then to 
be multiplied by the secant of the dip of the needle, in 
order to give the absolute intensity. In this inquiry 
Professor Gauss found it necessary to deduce from obser- 
vation the true law of magnetic action, which, from a 
number of consistent and carefully made experiments, he 
found to be in the inverse ratio of the square of the 
distance, From a series of accurate experiments, Pro- 
fessor Gauss found the horizontal intensity at Gottingen, 
on the 18th September, 1832, to be 1-7821 ; and taking 
the exponent of gravity in moving bodies at the place of 
observation as the unit of force, and using the Paris line 
and the Berlin pound, he found the absolute horizontal 
intensity to be 0-0039131 ; and as he found the dip at 
Gottingen on the 23d June, 1832, to be 68° 22' 62", the 
absolute intensity of terrestrial magnetism will be 
Sec. 68° 22/ 62" x 0-0039131. 

Professor Gauss has proposed, and put in practice, a 
very accurate method of observing the daily variation of 
the needle, and of determining the time of vibration of a 
needle or magnetized bar. He fees a plane mirror on 
the end of the bar, and perpendicularly to its axis, and by 
observing the refleoted image of the divisions of a scale, 
by the aid of a theodolite placed at a distance, he is able 
to obs^ve and , to measure the minutest changes. 

The nlMigpetized bar, employed by Gauss is of much 
larger dimensions than the* bar of Pron/s magnetic tele- 
scope ; the stnall ones, which he uses as magnetometers, 
being four pounds weight, and the large ones twenty-five 
pounds ; two of which, when fastened together, form the 
apparatus or multiplier of induction for rendering sensible 
,.aDd measuring the oscillatory movements predicted by a 
Jif^ry founded on Mr* Faraday's great discovery. By 
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this valuable invention of Professor Gauss, tlie observer 
is not under the necessity of approaching the magnetized 
bar, so that no disturbance is occasioned by the currents 
of air produced by the proximity of the observer's body, 
so that observations may be made in the smallest intervals 
of time. 

With apparatus similar to that of Professor Gauss, 
simultaneous observations have been made in 1834 and 
1836, at intervals of five or ten minutes, at Gottingen, 
Copenhagen, Altona, Brunswick, Leipsig, Berlin, Milan, 
and Rome. It appears, from the graphic representation 
of the results, that the smallest inflexions of the horary 
curves are parallel, and consequently the disturbing causes 
which produce them simultaneous at Milan and Copen- 
hagen, two of the places of observation, which have a 
difference of latitude of J0° 13'. 

In giving an account of Professor Hanateen’s labours, 
we have briefly noticed his journey in Siberia, and the 
erection of magnetic observatories by the Emperor of 
Russia, on the recommendation of Baron Humboldt ; and 
we have also referred to the early researches of this dis - 
tlnguished philosopher. When travelling in the equinoc- 
tial regions of America during the years 1799 — 1804, 
Baron Humboldt had devoted much attention to the 
determination of the intensity of the magnetic forces, and 
of the dip and variation of the needle. Upon his arrival 
in Europe, he conceived the design of examining the 
progress of the horary changes of the variation, and the 
perturbations to which it is subject, by employing a 
method which had never been* adopted on an extended 
scale. In a large garden at Berlin, he measured, particu* 
larly at the period of the equinoxes in 1806 and I807» 
the angular iterations of the magnetic meridian, at inter- 
vals of an hour, often of half an hour, without interruption, 
during four, five, or six days, and as many nights. The 
instrument employed was Prony’s magnetic telescope. 



66 


TREATISE ON MAGNETISM. 


Buspended according to the method of Coulomb, and 
capable of being reversed upon its axis. It was placed 
in a glass frame, and directed towards a very distant 
meridian mark, the illuminated divisions of which indi- 
cated six or seven seconds of hourly variation. In these 
researches Baron Humboldt was struck with the frequency 
of oscillations whose amplitude extended beyond all the 
divisions of the scale, and which repeatedly took place at 
the same hours before sunrise. “ These vagaries of the 
needle/^ says the Baron, ‘^the almost periodical return of 
which has recently been confirmed by M. Kupffer, in the 
account of his travels in the Caucasus, appeared to me 
the effect of a re-action of the interior of the earth towards 
the surface ; I should venture to say, of magnetic storm 
which indicate a rapid change of tension.” With the 
view of investigating the causes of Iheso disturbances, 
Baron Humboldt proposed to erect similar apparatus on 
both sides of the meridian of Berlin ; but tho political 
tempest of Germany, and his mission to France by the 
government,- delayed the exeoiition of his plan. M. 

however, as we have already seen^ began and 
prbseoutjsd his inqu^ witli singular success- 

When Baron Humboldt again fixed his residenoe in 
Germany in 1827, he erected one of Ghimbey’s compasses 
in a magnetic pavilion, without any iron, in the middle of 
and began a series of regular observations in 
1828. , At his request, the Imperial Aca- 
demy the, onratop pf !4ih0,,uniyie)psi1jy of Kaaan erected 
Tnag^tio^ohs^rvatpries St Petersburg and Kasan ; and 
the fmperia.1 departtnetit ft)r inines has established similar 
stations ai Moscow, Barnaoul, and Nertschinsk. The 
academy, . too, has sent Mr George Fuss to Pekin, where 
he has procured the erection of a magnetic pavilion, in tho 
^nvent garden of the monks of the Greek church. Since 
Mr G. Fuss’s return, M. Kowanko, a young o;65oer of 
continues the horary observations corresponding 
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to those made in Germany and Russia. Admiral Greig 
has established one of Garabey’s compasses in the Crimea 
at NicolaefF. Baron Humdoldt has procured the esta- 
blishment of a magnetic apparatus at the depth of thirty- 
five fathoms, in an adit in the mines of Freiberg in Saxony. 
Baron Von Wrangel has been provided with one of 
Gambey’s compasses at Sitka, in one of the Russian settle- 
ments. M. Arago has caused to be erected, at his own 
expense, one of Gambey’s compasses in the interior of 
Mexico, where the soil is 6000 feet above the sea. The 
French minister of marine has established a magnetic 
station in Iceland, and the necessary instruments were 
erected this summer (1836) at Reikavig ; and Baron 
Humboldt, at the desire of Admiral de Laborde, has sent 
instruments to the Havannah in Cuba, to furnish a mag- 
netic observatory under the tropic of Cancer. 

Some years ago, the writer of this treatise urged a dis- 
tinguished and influential member of the British govern- 
ment to establish magnetic observatories in England and 
the colonies, but no steps were taken in consequence of 
this application. Baron Humboldt has, however, addressed 
an interesting letter to his Royal Hignness the Duke of 
Sussex, as President of the Royal Society, soliciting this 
body to extend, in the colonies of Great Britain, the line 
of simultaneous observations, and to establish permanent 
magnetic stations, either in the tropical regions on each 
side of the magnetic equator, or in the high latitudes of 
the southern hemisphere, and in Canada. We hope that 
the Royal Society will use its influence with the British 
government to have this propdsal carried into efieefr, and 
that this country shall not bo exposed to the humiliation 
of being indifferent to the progress of those branobes of 
scientific inquiry which its extensive influence in varipua 
regions of the globe enables it effectually to advance. 
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CHAPTER IL 

ON THE GENERAL PHENOMENA AND PROPERTIES OF 
MAGNETIC BODIES. 

A BODY is said to be magnetic when it has the power 
of attracting soft iron, either in the subdivided state of 
iron filings, or in large portions ; or of attracting and 
repelling other magnetic bodies like itself : of taking a 
particular position when freely suspended, or moving on 
a pivot : and of communicating magnetism either tempo- 
rarily to soft or permanently to hard iron in the form of 
steel. Hence we may arrange the general properties of 
magnetic bodies under the following heads : — - 

1. On the attractive power of magnetic bodies upon 
’ flCfftirpb. 

^ atteaotive and repulsive power of magnets 

by® each other, or over iron either temporarily or 
permanently magnetized. ' 

3. On the efiect of masses of iron on the attractive 
fierce of a magnet 

‘ 4. Ob pt^arity of m^etic bodies. 

6. power of bbnuuvumio^te magnet*^ 

" , feih^'Oftecboc^ei.'u ■; 

Oij tbe disiftnUoo 6f in ai^cial maff- 

hefa. ■ ' _ ^ 

7. On the efifeot of division and fracture on the distri- 

but] on of magnetism, 

6* On magnetic figures. 
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Sect. L — On the Attractive Power of Magnetic Bodies 
upon Soft Iron. 

The natural magnet or loadstone was for a long time 
the only hody considered as possessing magnetic pro* 
perties. It is an ore of iron, of a grey colour, and a dark 
metdlic lustre. Its specific gravity is about four and a 
half times that of water. It crystallizes in the form of 
the regular octohedron, and it consists of from 85 to 75 
parts of iron, and from 16 to 25 parts of oxygen. It is 
found in almost every part of the world,* and often forms 
rocks of considerable magnitude ; but different specimens 
of it possesses very different powers of attraction. 

The smallest loadstones generally have a greater 
attractive power in proportion to their size than larger 
ones. They have been found of such strength, that 
though weighing only about twenty-five grains, they 
could lift a piece of iron about forty- five times heavier 
than themselves. A small magnet set in a ring, and worn 
by Sir Isaac Newton, is said to have been capable of 
lifting 746 grains, or 260 times its own weight ; and it is 
stated by Cavallo, that he has seen a loadstone which 
weighed only about six and a half grains, which lifted a 
weight of 300 grains. 

Natural loadstones often possess unequal powers of 
attraction in different parts of their mass, in consequence 
of want of homogeneity of structure and composition j 
and hence a portion haa often been cut from a large load- 
stone which ceuld lift a greater weight of iron than the 
large one itself, the portion detached liaviug possessed 
the most suitable structure, and the other part having 
weakened the action of the powerful part by keeping the 
body to be lifted at a greater distance from those points 

■ * According to Norman, the beat londetonee were those brought from 
China and Bengal, 
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where the magnetism was strongest. It is no doubt from 
a similar cause that small magnets have a greater propor- 
tional power than large ones, or that those of two pounds 
weight have seldom been found capable of lifting more 
than ten times their own weight of iron. 

If we now take a natural loadstone L, however shape- 
less, and, after rolling it in a quantity of iron filings, 
afterwards withdraw it, we shall find that the filings are 
accumulated more abundantly in two opposite points 
A, B, than any other, as shewn 
in fig. 1. These two points A B 
are called the poles of the magnet, 
and are the points of greatest 
attraction. When either of these 
poles is held at a distance from 
the iron filings, the filings will be attracted to it, and will 
adhere with such force that it is difficult to brush them off*. 

If we suspend a small needle of iron or steel by a fine 
linen or silken fibre, or balance it on a pivot, and bring 
the poles of the loadstone L near it, it will be attracted 
to it in the first case,^or will oscillate on its pivot in the 
second case. 

If we make the needle fioat in water in a glass tumbler, 
and bring any pole of L on the outside of the tumbler, 
the needle will be attracted towards the pole, notwith- 
standing the interposition of the glass ; and by using the 
needle upon a pivot, it will be found that attlaotive 
force of tlie loadstone is in no respect dinfinieh^ by the 
interposition of any sutstonce whatever, except iron, 
conductors and non-conductors of electricity having no 
effect whatever in stopping or diminishing the action of 
the loadstone, unless the interposed body be iron, or 
contains iron in any of its metallic states. 

While the loadstone thus attracts iron, and all bodies 
containing it in a raetallio state, these same bodies exer- 
cise a reciprocal attraction upon the loadstone, action and 
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re-action being equal and opposite. The truth of this 
may be exhibited by suspending a magnet, and bringing 
into the vicinity of its poles a piece of soft iron. The 
magnet will be gradually attracted by the iron, in the 
same manner as if the iron had been suspended and a 
pole of the magnet held near it. 

Sect, II. — <On the Attractive and Repulsive Power of 
Magnets over eojch other ^ or over Iron either temporarily 
or permanently magnetized. 

If we suspend near 
each other two load- 
stones, AB, A'B', like 
that shown in fig. 1, by 
two threads T, T, we shall find, by changing the relative 
position of their poles, A B, A' B' that there are certain 
positions in which these poles attract each other, and 
others in which they are repelled. By marking the poles 
which attract each other, such as A, B', and A', B, we 
shall find that the poles Avhich repel each other arc A, A', 
and B, B', and that this mutual attraction and repulsion 
takes plaice under every change of circumstances. 

If we suspend a piece of soft iron Pig, 3. 

_ a h from a loadstone AB, we shall find 
that the end h of the iron exercises the 
same attractive and repulsive power 
upon the poles A' B' (fig. 2.) of a sus- 
pended magnet that B did ; and in like 
manner, if the piece of iron a'U is suspended from the 
pole A', the end o' will exercise the same attraction and re- 
pulsion upon the poles of a suspended magnet that A did. 



Fig. 2. 
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Sect. III. — On the Effect of Masses of Iron on the 
Attractive Force of a Magnet 


Fig. 4. 


If we suspend a piece 
of iron C from the arm 
of a balance, it will be 
attracted by the pole P 
of a magnet A, and will 
descend towards P in 
virtue of this attraction. - 
If we now place a mass 

of iron I close to A, ^ ^ "AT 

the suspended iron C will rise, as if the attractive 
force of P were diminished. Tliis power of the mass of 
iron I seems only to extend to a given point within the 
magnet A, the distance between the magnet and the iron 
remaining the same ; for if the iron C is suspended above 
a point X at some distance from P, the action of I will 
not be felt at the point x, except by diminishing the dis- 
tance between P and C, or by increasing the neutralizing 
power of the mass 1. 

Mr Snow Harris, to whom we owe this experiment, 
has shewn that a similar effect is produced when the iron 
I is placed between the magnet PA and the suspended 
iron C, and also when I is placed below P, In the first 
of these cases I stops the attraction of P upon C, and . 
acts as a screen. 


Sect. IV. — On the Polarity of Magnetic Bodies* 

If we suspend a loadstone, as in fig. 2, or make It fioat 
upon water or mercury, by placing it on a thin plate of 
cork or wood, it will gradually change its place till it rests 
in a position where a line joining the poles A, B is nearly 
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faorth and south. This is, generally speaking, the case in 
Europe, the end A, which points northward, deviating in. 
some places from the meridian to the west, in some places 
to the east 5 w;hile in other parts of the globe it points 
exacdy to the north. The deviation of the loadstone from 
the meridian is called its declination or variaiiom , This 
property of the magnet is called its polarity^ or directive 
power ; and the pole A, which turns to the north, is called 
its north pole ; and the pole B, which turns to the south, 
its south pole. It will now be found that the poles and 
magnets A, A', or B, B', which repel each other, are 
either both north or both south peles ; and that the north 
and south poles attract each otheiv Hence there is in mag- 
netism, as there is in electricity, two opposite powers or 
principles, namely, the worker;* and the southern^ or 
boreal and austral magnetism ; and, as in electricity, a 
repulsion takes place between the two powers of the 
samexmmi and (Mraction between the two powers of an 
opposite name. 

The magnetism from which loadstones derive their 
polarity, or their tendency to direct themselves to parti- 
cular points of the compass, is obviously derived in some 
way or other from the earth or its atmosphere ; and hence 
it is called the Magnetism of the Earth, or Terrestrial Mag^ 
netism, which will be treated more fully in a future part 
of this article. 


Sect. V- — On the Power of Magnets to communicate 
Magnetism to other’^ Bodies, 

We have already seen, that if a piece of soft iron is 
suspended to a magnet by the attraction of one of its 
poles, the iron becomes magnetic, but only during the 
time that it is in contact with the loadstone. But if we 
use a piece of hardened iron, or steel, a h, and suspend it 

D 
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as in fig. 3, it will be found to have acquired a permanent 
magnetism, the strength of which will depend on the 
power of the natural magnet, A B, and on the time which 
the steel bar has been suspended. The pole a will be a 
north pole similar to A, and the pole b a south pole similar 
to B ; and the little magnet a h will possess all the pro- 
perties of the natural magnet, such as attraction for soft 
iron, and polarity ; and its action upon another little steel 
magnet d V made in a similar manner, will be the same 
as the action of two natural magnets upon each other, 
A steel magnet thus made is called an artificial magnet ; 
and we shall in the sequel consider the magnets of 
which we speak as steel bars rendered permanently mag- 
netic. 

A little magnet a h has been made by a very simple 
process, namely, that of contact with the polo of a natural 
magnet ; but there are more complex and efficacious 
methods, by which a very high degree of permanent mag- 
iiotism can be communicated to steel, which will bo fully 
explained in the practical part of this treatise. 

In order to communicate magnetism from a natural or 
artificial magnet to unmagnetized iron or steel, it is not 
necessary that the two bodies be in contact. The com- 
munication is clFoolcd as perfectly, though more feebly, 
when tho bodies arc separated by space* 

If the nordi 


pole N of an arti- 



the extremity « of a piece of soft iron B, the end s will 
instantly acquire the properties of a south pole, and the 
opposito end n those of a north pole. The opposite poles 
would have been produced at n and a if tho south pole S 
of tho magnet A had been placed near tho iron B. 

In like manner, tho iron B, though only temporarily 
magnetic, will render another picco of iron C, and thla 
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again another piece D, temporarily niagnetic> nortli and 
south poles being produced at /, and 

The magnetism inherent in B, and D, is said to be 
induced by the presence of the real magnet A, and the 
phenomena are exactly analogous to the communication 
of electricity to unelectrified bodies by induction, the 
positive state inducing the negative, and the negative the 
positive, in the parts of a conductor placed in a state of 
insulation near an electrified body. 

In order to shew by simple experiments that soft iron 
is itself a magnet while placed near a magnet, let A be a 
magnet and K a key held near 
its lower edge. A nail N will Fig. 6. 

remain suspended by virtue ofaara 
its induced magnetism; but if 
A is withdrawn, or K removed 
from A, the nail N will instantly 
fell, the induced magnetism di- 
minishing with the distance. 

If we hold the key K above a portion of iron filings, 
they will not be attracted by it ; but if we then bring the 
magnet A near the ring of the key, as in the figure, the 
iron filings will instantly start up, and be attracted by the 
key. 

We have already noticed, in Sect. 1. that the iron 
attracted by a magnet re-acts upon the magnet, and 
attracts it in return. The same is the case with a bar of 
iron on. which magnetism is induced. It re-acts on the 
magnet which induces its magnetism, and increases its 
magnetic intensity. Hence we derive a distinct explana^ 
tion of the remarkable facts, that a magnet has its power 
increased by having a bar of iron placed in contact with 
one of its poles, and that we can gradually add more 
weight to that which is carried by a magnet, provided we 
fnake the addition slpwly and in small <{uaHtitieB, the 
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power of the magnet being increased by the re-action of 
each separate piece of iron that it is made to carry. 

If the bar of iron on which magnetism is induced is 
long) and the strength of the magnet great, a succession 
of poles is produced sdong its length, a north pole always 
following a south pole, and vice versa. 

These facts enable . us to es^plain the phenomena of 
magnetio attraction, and repulsion, which are necessary 
consequences of magnetic induction. The magnet attracts 
a piece of iron by inducing an opposite polarity at tho 
end in contact with it, and the two opposite principles 
attract each other. In like manner, the north pole of one 
magnet attracts the south pole of another, and the north 
and south poles repel each other, in consequence of the 
attraction and repulsion of the opposite or similar prin*<' 
ciples. The attraction of iron filings is explained in the 
same manner. The particle of iron next the magnet has 
magnetism induced upon it, and it becomes a minute 
magnet, like B in fig. 5. This particle again makes the 
next particle a magnet, like G, and so OUj the opposite 
polarities in each particle of the .filings attracting one 
another, as if they were real magnetSi 
In comparing Ihe amount of the atiracHve force of two 
dissimilar poles of two magnets, with the amount of the 
r^^lsive force of the two similar poles, it has been found 
thfkt the former foroe is considerably, greater than the latter. 
This result is a- , necessary consequence .of the indnntive 
process abpv® desoriba^if, Whcn tfe^ tW ntiw 
are in contact, eaoq magnet tcnijb to inmteasci the power 
of the other, by developing the opposite, magnetisms in 
th6> acljacent halves, and ihun increasing their mutual 
attraiction. But when the two repelling poles are.broughft 
into contact, the action, of each half brought into contact 
has a tendency to develop in that half a magne^nr 
opposite to that which it .really possesses,, and thus to» 
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diminish the two similar principles, and weaken their 
repulsive power. This injurious influence of opposite 
poles upon the repulsive power of the magnets in action, 
is finely exhibited when one of the magnets is very power- 
ful, and the other very weak. When the two similar poles 
are held at a moderate distance, a repulsion is distinctly 
exhibited j but when they are brought into contact, the 
stronger attracts the weaker magnet, an effect which is 
produced by its actually destroying the similar weak 
magnetism in the half next it, and inducing in that half 
the opposite magnetism, which, of course, occasions 
attraction. 

When the magnet A and the piece of iron B are placed 
in the same straight line, os in fig. 5, the pole N acts 
favourably in inducing south polar magnetism at n, and 
north polar at s ; but it is evident that the remote pole S 
must tend to weaken the inductive force of N, by inducing, 
though in a feeble degree, north polar magnetism at n, 
and south polar at 5. If the soft iron B is placed as in 
fig. 7, the induced magne- 
tism will be nearly as strong Fig. 7. 

as before, the greater proxi- 
mity of N tending to pro- 
duce isouth pqlar magnetism 
in being compensated by 
the increased proximity of S 
tending to produce north 
polar magnetism in n» In the inclined position C the 
induced magnetism is still stronger, as S acta more 
powerfldly urpon and when the 



two are parallel, as in fig. the two 
bars or magnets are in the position 
most favourable for develbping and*^l 
sustaining the magnetism which they^ 
reneive or possess^ 
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Hitherto we have considered the natural and artificial 
magnet as producing magnetism in soft or hard iron, dis- 
tributed in the same manner as in the inducing magnet ; 
but by the action of one or more magnets, we can distri- 
bute the magnetism in various ways, as follows : 


In the case of bars, we may have a 
Aorth pole in the middle of it, and a Fig. 9- 
south pole at each extremity. Thus, ' 
in fig. 9, if the magnet NS has its north ^ 
pole N placed opposite the middle of 
the soft iron bar ww, this bar will have * 
a south pole at s and north poles at n, n. The very same 
efifect will be pro- 
duced if, as in fig. 10, 10'. 

we place the soft iron m^a^acmm r— ^ 


bar B between two s ir" - y 

magnets A, C, whose north poles N, N are nearest the 
bar. These north poles N, N tend to produce south poles 
at 8, Sf and consequently northern polarity in the middle 
it In the preceding case, a south pole may be pro- 
duced in the middle, and north poles at the ends of the 
bar, by placing the south poles of the magnets where tho 
north poles are placed. 

In like manner, a piece of soft iron 8s, ssj of the form 
'of a cross, will have south poles at s, s, s, if 
tbie south pole S of a magnet A is placed on 
or near its centre, as fig. ll, is it njay be , 
conceived to consist of two bars 8 », i s. For 
the same reason, if a .circular plate of soft ^ 
iron is substituted in place of tbe cross ss, 
and the south pole S of the magnet placed 
upon or near its centre, that centre will be 
north pole, and every point of the circumference of the 
plate will be a south pole. 

^A very instructive experiment, founded on magnetic 


Fig. 11. 

m 


f 

SS, 

aced jP||r 
be a , A Ar 
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induction, is exhibited in fig. 12, where several Fig- 12. 
soft iron wires or slender bars sH} sn, are 
suspended at the north pole N of a magnet 
N. Each of the ends s, s, 5, becomes a south 
pole by induction from the action of the 
north, and consequently the lower ends js 

north poles. The south poles s, s, s, have a s ^ 
tendency to repel each other, but are pre- /| \ 

vented from yielding to their repulsive forces / ] \ 

in consequence of their strong adhesion to the / | \ 

north pole N. The north poles w, tz, «, how- n n » 
ever, are free from this restraint, and exhibit their mutual 
repulsion by their diverging, as shewn in the figure^ 
Hence we see the reason why rows of iron filings adhering 
to each other, when attracted by a magnet, keep separate 
from each other by the repulsive forces of the similar 
poles. f' 

In the following form of the e^cperiment, given by 
Cavallo, the repulsion of both poles is well illustrated. If 
we suspend two short pieces 

of soft iron wire wr, ns, by Fig. 13. Fig 14- 
threads, they will hang in con- 
tact in a vertical position. If 
we now bring the north pole 
N of a A to a moderate 

distance from the wires, they 
will recede from each other, os 
in fig. 13. The ends 5, s, being 
made south poles by induction 
from the north pole N, will 
repel each other, and so will 
the north poles n. This 
reparation of the wires will 
increase as the magnet A ap- 
proaches nearer them ; but 
there will be a particular dis* 
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tance at which the attractive force of N overcomes the 
repulsive force of the poles 5, and causes the wires to 
converge, as in fig* 14, the nwth poles n, still exhibiting 
their mutual repulsion- 

The neutralization or destruction of induced ; 

magnetism, by two equal and opposite mag- 
netic actions, is shewn in the following expe- 
riment, given by Dr Robison. If we take a || 
forked piece of soft iron CBE, and suspend'll 
it by the branch D from the north pole of a 
magnet B, it will be magnetised by induction,^ 
and will carry a key at its lower end E, which 
will be a north pole. If we now apply to the 
other branch C the south pole S of another 
and equal magnet A, the key will instantly 
drop off. This obiously arises from the south 
pole S inducing a south pole at E, which 
either destroys or neutralizes the north polar magnetism 
previously induced by K 



Sect. VI, — On the Distribution of Magnetism in 
Artificial Magnets. 

It is very obvious, from the preceding experiments, that 
in regular magnets, with a north pole at one end and a- 
south pole at the other, the two kinds of magnetism, north 
polar and south polar, are equally and regularly distributed, 
the one occupying one half of the magnet, and the other 
the other half. It is obvious also that each kind of mag- 
netism has no intensity at the centre of the magnet, or its 
middle part, and that it increases, according to some 
regular law, from that point towards the two poles at the 
extremities of the maffoet. 

O 

The first person who determined the law of distribution 
which we have now mentioned was M. Coulomb. The 
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magnet which he employed for this purpose was a cylinder 
two lines in diameter, twenty-seven inches long, and its 
weight 1946 grains ; and he ascertained the intensity of 
magnetism at each point, from its middle to its extremity, 
by observing the number of oscillations which a small 
magnetic needle performed in a minute, when it was made 
to oscillate before different points of the wire. He had 
previously observed the number of oscillations which the 
same needle performed out of the sphere of the magnet, 
and he considered the magnetic intensity as proportional 
to the difference of the squares of those two numbers of 
oscillations. The first needle which he employed was 
three lines in diameter and six lines long, imd it was made 
of such a size, and of such hardness,' that its magnetism 
should not be perceptibly altered by the action of the wire 
during the experiments ; for if any change did take place, 
the results obtained at different points of the magnet 
could not be compared. The great length of twenty-sevdn 
inches was given to the magnet, in order that its remoter 
pole might be so distant from the needle that it would be 
unnecessary to make any allowance for its action upon the 
oscillations of the needle. In this way Coulomb obtained 
the following results : ~ 


Difitanoea fiom tbo 

the Magnet, 

0 

1 


3 .... 

4,5. 

, 6 ...* 


0))served iDt^sity ot 
^ Magnetiam at 
these diataxLces, 

165 

90 

48 

23 

9 

6 


The distribution of the magnetism is exhibited 'in fig. 
1 6 where AN ^ half of the magnet, and N itiS tk)rth pble ; 
and the ordinates to the curves represent tiie intenBities 
in the preceding table. 

D 2 
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Fig. 16, 


These experiments were repeated by Coulomb, with 
magnets of the same shape and diameter, but of a less 
length, all other clroumstances being unchanged, and he 
obtained nearly the same results for the three inches of 
the magnet nearest N ; and hence he concluded, that 
whatever was the length of the magnet, provided it was 
greater than six or seven inches, the three inches at both 
its north and south poles gave always the same results as 
the twenty-seven inch magnet. From this point towards 
the centre the magnetism became weak and insensible in 
all of them ; and in very long magnets he even found that 
the ordinates sometimes passed from positive to negative. 

M*Bipt has reinarked that the^ciirye, 
of intensity^ as determined by^Cw- Fig. 17. 
lomb, result from the combination of 
two logarithmic curves ACB', A'CB, 

Vhicb, setting out from each pole A, B 
of the magnet AB, would have their 
ordlbates equ^ and m an oppo^te 
direction, as ^ewn in fig. 17. 
intensities oalpu^ted upon this, suppo 
with the observed results. * 

As Coulomb had examined the distribution of magne- 
tism only in magnets of considerable size, M. Becquerel ♦ 
was desirous of, ascertaining if the law was observed in 
steel wires of a small diameter, such' as ^th of a milli- 

* Ann* d6 Chtmief tom. xxil p. 115 ; Becquerel, TVoiV^ JSJixj>6rimtniale 
d$ I' MUa^riqUi th tom. i. p. 865. 
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Yaetre, or of an inch. In order to procure such 

wires, he encased a steel wire one millimetre in diameter 
in a cylinder of silver, and having drawn out the whole 
into a wire, the silver was removed by means of boiling 
mercury. He employed the method used by Coulomb 
in determining the law of distribution ; but, on account of 
the fineness of the wires, and the weakness of the magne- 
tism which they acquired, he was obliged to make some 
ohanges in the method. He obtained, however, the very 
same results as those given by Coulomb. 

A number of interesting experiments on the distribution 
of magnetism have been made by M. Kupffer of Kasan,* 
by meaJus of the method of Coulomb. He employed a 
flat and very narrow needle, twelve millimetres long, and 
he placed it at a horizontal distance of three decimetres 
from a cylindrical bar-magnet of cast steel not tempered, 
607 millimetres long and 12^ millimetres thick. He 
began his experiments with magnets that possess a weak 
degree of magnetism. In magnetizing them, ho rubbed 
the steel bar perpendicularly on the north pole of a very 
strong artificial magnet, and he replaced the bar vertically 
before the needle, the north pole of the former being 
uppermost. He found that the south pole was stronger 
than the north pole, and that the point of indifference, or 
the neutral point, was nearer the stronger pole than the 
other. Upon reversing the magnet, the magnetic inten-. 
"sities of its different points increased, and the neutral 
point approached the middle of the magnet. These 
changes were produced successively, and the magnet did 
not aittain its final state till it had remained some time in 
the BAme position. KupflFer observed, that whenever the 
magnetic intensities of the bar increased, the neutral poifit 
slowly approached the middle point ; that thia point was 
always nearer the stronger pole ; that a bar magnetized 
vertically was always more powerful when its north pole 
* /Wd. Hm, p, 60» 
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vras downwards ; and that a bar magnetized by the method 
mentioned above was always strongest in the pole imme^ 
diately produced by that of the magnet. 

After detailing his observations with a bar magnetized 
to saturation, he proceeds to determine the influence 
exercised by the form of the extremities of the bar on 
the magnetic intensity, and on the position of the neutral 
point. A cylindrical bar of steel, cast but not tempered, 
having been rounded at one of its ends, and magnetized 
to saturation, was placed fourteen centimetres ftom a 
magnetic needle, and in the line of its direction. When 
its north pole was directed to the south, the force of the 
rounded north pole was 2*0319, and that of the south 
pole was 2*1558. In the opposite position of the bar, 
the magnetic force of the north pole was 2*2198, and that 
of the south pole 2*8006, the neutral point being in the 
middle. 

The rounded end of the bar was now filed to a point, 
and made sharper and sharper in ^very sifocessive expe-' 
riment, after being, eafch time magnetized to saturation. 
The force of sharpened., pote diminished with its 
aoutehes^. >The neintrat point receded always from this 
extremity. 

In order to ascertain the distribution of magnetism in 
the interior of magnets,, Coulomb formed sixteen reotan- 
. n»agneta/,out;Qf the same .piece of steel. Each was 
six, whostkmgy 'nine.anda half Unes^wi^ and 382 grains 
In weight. , Th4y a^eatod ftt ^ white< bfsat, without 
being tempered^ ip, order, that hor might be certain of 
having them always in the ^me state; He magnetized 
them all to saturation, and formed bundles with a certain 
number of them, similar poles being placed together. 
The magnets in each bundle were bound tightly together 
with a strong silk thread. Each bundle was then placed 
in a torsion balance, and placed 30^ out of the magnetic 
tneridiani The force of torsion necessary to retain it in 
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this position was a measure of its magnetic intensity* 
The following were the forces or degrees of torsion 
necessary to keep the different bundles at rest. 

Degrees of Torsion. 


1 magnet 82° 

2 magnets united 125 

4 magnets united 150 

6 magnets united 172 

8 magnets united ,.,......182 

12 magnets united 205 

16 magnets united 229 


Hence it follows, that the magnetic force of each bundle 
increases in a ratio much less than that of the number of 
plates. 

Coulomb next determined the magnetic state of each 
of the magnets composing the bundles of eight and sixteen 
magnets ; and he found that the two outermost magnets, 
those which formed the surface of the bundles, had a 


much greater force than the rest. 

The first had a force which measured 46 

The second 48 

And the mean force of all the rest was 30 


A single magnet had its directing force 82°, while for 
sixteen of them united the mean directing force of each 
was only 14°*3, that is, about the sixth port of the other. 

In examining the bundle of eight magnets by the 
method of oscillation, he found that the two outermost 
performed twenty oscillations in 90^ minutes, while' all 
the rest performed the same number in firom 211 to 278 
nearly, shewing the weakness of their magnefwmf, It is 
curious that the outermost but one bad its poles reversed. 

Coulomb also found that a bundle of magnets will take 
nearly the same degree of magnetism as a single magnet 
of the same shape and weight j which leads us to beliere 
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tbat> in magnets of one pieoG; the magnetism diminishefl 
from the surface to the centre, as in the preceding bundles 
of magnets. 


Sect, VIL — On the Effect of Division and Fracture in 
the Distribution of Magnetism. 


As no natural or artificial magnet has ever been seen 
with only one pole, or one kind of magnetism, it became 
interesting to determine experimentally the distribution 
of magnetism in a part of a magnet cut from its north or 
south extremity. This experiment has been often made, 
both by cutting it through at the middle or neutral point, 
or by cutting or breaking off a portion from the end of it. 


If NS, for example, is a 
magnet, N its north and S 
its south pole, and ACB 
the curve representing the 
intensity of its magnetism? 
then, if we cut it through 
the middle C, each half 
nj, n's' will be a complete 



magnet, with a north polo at w, and a south one at i, 


and thoir neutral points at c, & ; the curves at aVi', 


representing the distribution of their north and soulli 


polar magnetism, being similar to the curve ACB of the 
large noagnet of which they are the halves. 

When JEpinus made this curious experiment, he did 
not divide the magnet in' two, but ho set two steel bars 
ond to end, and magnetized them as one magnet, so that 
this compound magnet had its magnetism distributed as 
in a single bar, like NS, fig. 10. Ho then separated 
them, and found that each bar was a perfect magnet, with 
two polos. Dp llobison repeated this experiment suoocss^ 
faWy on some occasions ? but he sometimes found indloa<< 
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tloQs of the compound magnet acting as two magnets# 
We are persuaded that this arose from an imperfect union 
of the two bars, and not from any defect in JEpiniis*s 
experiment. The united ends of the bars should be 
ground together, so as to be kept in perfect contact, and 
preserved in this state by a powerful pressure during the 
time that they are magnetized. If this be done, we have 
no doubt that they will act on iron filings, and throw 
them into curves as if they were a single bar, and will, 
by examination with a fine needle, exhibit the same 
regular distribution of magnetism which takes place in 
the most perfect magnet. 

Upon the separation of the magnets thus united, ^Epinus 
found that two poles were instantly developed in each 
half, but that the neutral points o, fig. 18 , were nearer 
the interior poles or, what is the same thing, nearer 
the original neutral point C, than to n and su In the 
space of about a quarter of an hour it had, however, 
advanced nearer to tlie middle points c, and continued 
for some hours, and sometimes for days, to advance to 
these points, which it finally reached, thus completing the 
regular distribution of the two opposite magnetisms. 

Some observations, but not very accurate ones, have 
been made on the division of magnets in the direction bf 
their lengths. . According to Dr Derham, the two portions 
sometimes have contrary, and sometimes the same poles, 
as when they were united. When one portion was much 
thinner than tlie other, the thinner portion had generally 
its poles reversed. This experiment does not possess 
much interest ; for it can scarcely bo doubted that, if we 
could divide a magnet in the direction of its length 
without any violence or concussion, each portion, whether 
thinner or thicker^ would have, when separate, the same 
polarities as when combined. The experiment would be 
easily made by pressing two equal steel bars into close 
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Gontact, magnetiziDg them Id this state^ and then sepa- 
rating them. 

A very remarkable analogy has been pointed out by 
Sir David Brewster, between the preceding results and 
those which he has obtained with parallelopipeds of glass 
which received the doubly refracting structure by being 
quickly cooled on all their surfaces from a state of red 
heat. This change is analogous to that of temper in a 
magneto; and the effect of it is to produce a certain deve- 
lopment of positive and negative double refraction 
throughout the whole of the parallelepiped of glass. 
These phenomena will be minutely explained in our 
article on Optics ; but we may state at present, that the 
structure of the glass modifies the action of the ether 
which it contains, just as the structuro of the tempered 
steel keeps the two magnetisms in an unoombined state. 


Fig. 19. 



This is shewn in fig. 19> where AB is a thick plate of 
glass quickly cooled. The middle portion of it P has 
positive, and the external portions N, N, negative double 
refiraqtiqn. The depsity of the ether in each of these 
porfipns varies ,aocoi:ding to at regular -Jaw,},; and the 
int^sity 'of the points 

both of the positive and nqgathv^etrndtm^fie vepresepted 
Fig. 20. 




PROPERTIES OF MAGNETIC BODIES. 


by a curve formed by the superposition of a straight line 
and a parabola. If we now cut the parallelopiped of 
glass into two halves, through the dotted line AB, fig. 19i 
each half will have the same structure as the whole, as 
shewn in fig. 20 ; the pai*ts that were formerly positive 
being now negativey and vice versa ; and the intensity of 
the doubly refracting force in each half will be repre- 
sented by the ordinates of a curve formed by the super- 
position of a straight line and a parabola. This fkot is 
in perfect analogy with the magnetic one, and there are 
many other remarkable points of resemblance, which we 
have not spaoo to describe at present. 


Sect- VIII. — On Magnetic Figures^ 

In our article on Electricity we have given an 
account of the beautiful electrical figures discovered by 
M. Lichtenborg, and which form one of the moat inte- 
resting popular experiments in that science. We are 
indebted to M. Haldat of Nancy for the analogous dis- 
covery of magnetic figures, which may be easily produced. 
For this purpose he employs plates of steel from eight to 
twelve inches square, and from one-twentieth to one- 
eighth of an inch thick. The plates which he used were 
of that kind of steel which is used for the manufacture . 
of onirasses, so that it did not require to be tempered, 
being sufficiently hard to preserve the magnetism commu- 
nicated to it. Figures of any kind may be traced on the 
Burihoe of the steel plate, either by one magnet or by 
several oombined ; and the best form for this puipose Is 
that in which the poles are rounded. In this way >0 
may write upon, a steel plate the name of a friend, or 
sketch a fiow6r or a figure, with the extremity of a mag- 
net# If it is a south pole Aat we use, all* the traces which 
it makes will have north polar magnetism j and if we 
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shake steel filings upon the plate out of a gauze bag, the 
filings will arrange themselves in the empty spaces 
between the lines traced by the pole of the magnet, and 
thus represent in vacant steel the name which has been 
written, or the flower or figure which has been sketched- 
** These figures,” says M- Haldat, « have a perfect resem- 
blance to those which are formed on the surface of non- 
magnetic plates, namely, wood, card, glass, or paper, 
under which a magnet is placed* The resemblance 
between the two sorts of figures, when the magnets and 
the parts magnetized have the same form, is not only 
exact in the whole figure, but even in the smallest details* 
The filings collect at the parts where the magnetism is 
most intense, they arrange themselves in pencils and 
radii, and form the same curves which we have represented 
in fig. 1, page 70. These curves, and pencils, and rays, 
so similar at the two poles of the same magnet, have such 
a resemblance tliat they do not allow us to distinguish 
the two parts from one another,” 

M, Haldat has likewise produced these curves by 
interposing between the tracing magnets and the steel 
plates, solid non-magnetic bodies, such as cards, glass, 
and even metallic plates that are not ferruginous* This 
method of producing magnetism in the steel plate by 
induction gives the same figures ; but, in order to be effi- 
the magnet must have its pole carried parallel to 
and A . irpm the plate of steel, and must 

repeat Wees, ; jn order that the .magnetlBTQ may be 

Bufiioiently developed* For rectilineal fibres, M. Hkldat 
employs rules with grooves, which keep the motion and 
distance of the bar invariable ; for ourvilineal figures he 
interposes some thin and uniform plate, and he can vary 
the distinctness of the figures by varying the distance of 
the tracing pole of the magnet. 

In sifting the iron filings upon the steel plate, a gentle 
fetation pf the plate, by tapping its edge, with the ring 
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of a small key, will assist the filings in taking their proper 
places 5 but we must avoid such vibrations as will produce 
regular acoustic figures, unless we wish, as M. Haldat has 
found to be practicable, to unite the magnetic with the 
acoustic figures, which produces very interesting and 
varied forms. 

M. Haldat has found that the magnetic figures will 
continue for six months. In order to remove the magne- 
tism which produces them, he recommends the heating of 
the plate upon red-hot charcoal, till it is brought to the 
straw-yellow temperature. In order to render the repo- 
lishing of the plate unnecessary, M. Haldat tins it, and the 
temperature at which the tin melts, when it is required 
to efface the magnetism, indicates the necessary heat- 
M. Haldat employs also another method, which is perhaps 
the best. He places the steel plate upon a block of 
wood, and by repeated and violent blows of a wooden 
hammer, he removes the magnetism of the plate, the 
figures gradually becoming weaker and weaker when the 
experiment is tried with it in different stages. The effect 
is often produced in three or four minutes. 

As the figures traced on the steel are nothing more than 
magnets of different forms, and are surrounded on all 
sides with a substance capable of acquiring the magnetism 
which may be developed by communication, we might 
expect, as M. Haldat remarks, that this means of commu- 
nication between the opposite poles of the magnets would 
bring them into a neutral state. This, however, is not 
the case, and the portion of the metal which surrounds 
the magnetic figure performs the part of the armature of 
a loadstone, and the magnetism is thus kept up. If the 
figure be a simple rectangle, like that of a bar-magnet, 
the state of the plate, examined with a small needle, is 
exactly the same as a bar-magnet, and the parts which 
surround this magnetic portion, ai'e In a neutral state, as 
if unconnected with the rectangular space ; from which 
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it follows that the magnetic virtue, which communicates 
itself so easily by influence, ceases to communicate itself 
between the continuous parts of a magnetizable body, of 
which one portion is magnetic, and the rest in a neutral 
state. 

In carrying into effect the preceding method of making 
magnetic figures, a very great difficulty must be expe- 
rienced in recollecting the invisible traces made by the 
pole of the magnet, so as to complete a regtdar figure or 
drawing. When the figures are made immediately^ as 
M. Haldat expresses it, that is, by the actual contact of 
the pole of the magnet, without any intermediate body, 
the best method would be to cover the plate of steel with 
the slightest coating of grease, and sift upon the surface, 
through a linen bag, some of the finest flour. The pole 
of the magnet, while tracing the figures on the steel, will 
remove the flour, and thus exhibit to the eye an accurate 
picture of what it has traced j and it will thus be easy to 
make the magnetic figures more distinct by repeating 
the traces with the magnet. The same thing may be 
done by putting an etching ground upon the steel plate, 
and tracing "die figure as before. When the figure is 
completed, the coating of greajse and flour, or the etching 
ground, must be removed previous to the application of 
die iron filings. 

die figures are to be produced mediately^ or by 
the 'of a i noiii^magtaetie ettbatappe,* \ ^ 

paper, card, wbpd, or gla^i a&ip ^dkx^iimy 
belaid upon the spirfeoe; hut when theinteiposed sub- 
stanco will receive the mark of a pencil or sharp point, it 
would be preferable to attach to the (jylindrical pole of 
the tracing magnet a very short point of a non-magnetic 
substance, which would make a visible mark on the 
paper, card, or wood, without strewing any fine dust on 
. dj^ir surfaces. By the use of such a point, indeed, we 
iJl^ dispen&e altogether with the interposed substance^ 
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and communicate the magnetism by induction to the steel 
plate, in the very same way as if it had been done by the 
intervention of a non-magnetio plate whose thickness is 
equal to the length of the short point or tracer affixed to 
the pole of the magnet. 

The magnetic figures might be rendered permanent by 
covering the steel plate either with a gummy or balsamic 
solution, which will indurate by exposure to the air; or 
with a coating of some easily melted substance, which 
becomes fixed at ordinary temperatures. If we sift the 
iron filings on the steel plate when covered with such a 
fluid, the filings will take their magnetic position round 
the^ traced lines, and will become fixed by the induration 
or solidification of the fluid coating. 
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CHAPTER III. 

ON THE MAGNETISM OV BODIES NOT FERRUGINOUS. ' 

Sect^ I . — On tlie Magnetism of Metals^ Minerals^ and 
other Bodies, 

Iron was long regarded as the only body endowed 
with the property of acting and of being acted upon as a 
magnet; and though other metals and substances have 
been recently found to possess the same property, and 
though all substances whatever have been found by 
Coulomb to obey the power of a strong magnet, yet it is 
still a matter of doubt whether the magnetic effects thus 
produced are owing to a magnetism residing in the proper 
substance of the body, or are owing to a minute quantity 
of iron which enters into their composition. 

The most magnetic metal next to iron is niokeL It 
receives and retains communicated magnetism longer 
than any other metal, and needles of nickel have a distinct 
polarity. These properties have been found in nickel 
after it has been repeatedly purified, though some authors 
have atated that they could not detect this property in 
speoiinens. A very decisive and instructive expe- 
limetit on the magnetic Qualities, of nickel was made by 
M. Biot.* He possessed a heedle of nickel which had 
been purified by M. ThSnard. It was 212 millimetres 
long, six broad, and 5*178 grains in weight. Having 
made a needle of steel of exactly the same dimensions^ 
and 'which weighed *4.666 grains, he magnetized them 
both to saturation, and caused them to oscillate in the 
magnetic meridian. The nickel needle performed ten 
^ * Traiti dt Pli$8iqu6^ tom, iii. p. I2S, 
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oscillations in eighty- seven seconds, and the steel one the 
same number in forty-five and a half seconds. As the 
shape of the needles was the same, the momenta of their 
directive forces were directly as their weights, and inversely 
as the squares of eighty-seven seconds and forty-five and 
a half seconds, that is, as 0*3088 to 1, that is, the directive 
force of the needle of nickel was nearly one-^ird of that 
of the steel needle. Now, it is impossible to suppose that 
purified nickel could contain such a large proportion of 
iron as is necessary to produce such a degree of magnetic 
polarity, without its being easily recognized by the 
chemist j and M. Biot supposes that the magnetic power 
of the nickel might have been still farther increased by 
the means which are used to modify the coercive power 
of steel and iron. 

A series of careful experiments were made by M. Ca- 
vallo, on the magnetism of hass when hammered. He 
found that brass, whether old or new, British or foreign, 
was made magnetic when placed between two pieces of 
card, and hammered on an anvil with a common hammer ; 
and that the magnetism tlms imparted was always removed 
by making the brass red hot, and could be again commu- 
nicated to it. Lest it might be supposed that ferruginous 
matter might pass to the brass through rents or openings 
in the card, ha hardened a piece of brass by beating it 
between two large flints, using one piece as a hammer, and 
the other as an anvil. The hammered brass became mag- 
netic, but not so strongly as before ; which arose probably 
from the rough and irregular surfaces of the flints, which 
prevented the brass from being 'hardened as uniformly as 
it was with the steel hammer. The flints, before and 
after the experiment, did not possess the slightest mag- 
netism. 

The degree of magnetism communicated to brass by 
hammering is vaguely stated by Cavallo to have been 
sooh as to attract either pole of the needle from about; 
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a qi^er of an inch distance.” The following are the 
condusioDs which M. Cavallo has drawn from these and 
other experiments t — 

<< 1^^ That most brass becomes magnetic by hammerings 
and loses its magnetism by annealing or softening in the 
fire, or at least its magnetism is so far weakened by it, as 
afterwards to be oply discoverable when set to float on 
quicksilver. 

“ 2d, The acquired magnetism is not owing to particles 
of iron or steel, imparted to the brass by the tools em^ 
ployed, or naturally mixed with the brass. 

Sdj Those pieces of brass which have , that property, 
tetain it without any diminution after a great number of 
repeated trials, viz. after having been repeatedly hardened 
and softeped. 

** A laifge piece of brass has generally a magnetic 
power somewhat stronger than a smaller piece, and the 
flat surface of the piece draws the needle more forcibly 
than the edge or corner qf it. ^ 

If only jone end, ,e^ largq piece of brass be 
hamnlGred, ihoa that ^nd alone will disturb the- magnetic 
needle, and not the rest. 

The magnetic power which brass acquires by 
hammering has a certain limit, beyond which it cannot 
be moreaaed by farther hammering. This limit is various 
in finoea ef brass of difterent thicknesses, and likewise of 
^ 

have not thn pbWen ef bcibg/rendbirqd magaietK) by ham<- 
mering, yet idl tbe pieebs bf niagnetic bws that I have 
tried lose their magnetisuh so as no longer to affect the 
needle^ by being made red hot, excepting, indeed, when 
some pieces of iron are cpncealed in them, whioh some- 
times occurs; but in this case the piece of brass, after 
having been mode red hot and cooled, will attract the 
fbvoibly with one part of its, surface thah 
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with the rest of it ; and hence, by turning the piece of 
brass about, and presenting every part of it uccessively 
to the suspended magnetic needle, one may easily discover 
in what part of it the iron is lodged. 

“ 8^^ In the cmirse of my experiments on the mag^ 
netism of brass, I have twice observed the following 
remarkable circumstance : A piece of brass which had the 
property of becomingmagnetic by hammering, and of losing 
the magnetism by softening, having been left in the fire 
till it was partially melted, I found upon trial that it had 
lost the property of becoming magnetic by hammering ; 
but having been afterwards fairly fnsed in a crucible, it 
thereby acquired the property it had originally, viz. that 
of becoming magnetic by hammering. 

“ 9^ I have likewise often observed, that a long conti- 
nuance of a fire so strong as to be little short of melting 
hot, generally diminishes, and sometimes quite destroys, 
the property of becoming magnetic in brass. At the same 
time, the texture of the metal is considerably altered, 
becoming what some workmen call rottm. From this it 
appears, that the property of becoming magnetic in brass 
by hammering, is rather owing to some particular confi- 
guration of its parts, than to the admixture of any iron ;; 
which Is confirmed, still , fojrther by otsOT^ng 
plate brass ia madO,,h;ot by melting the copper, 

but by , keeping it in a strong degr^ of heat whilst sur- 
rounded by la^ caLaminaris) also possesses that property, 
at least all the pieces of it which I have tried have that 
property. From these observations it follows, that when 
brass ie to be used for the construction- of instruments 
wherein amc^etic needle is concerned, as dipping needles, 
variiition compasses, &c* &o. the brass should be either 
left quite soft, or it should be chosen of such a sort as will 
not be made ma^etic by hammering, which sort, however, 
does not occur v^ frequently.^ ‘ 

These judicious suggestions of M. €avallo, respecting 
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the condition of the brass parts of . azimuth compasses, 
were not attended to as they ought, and we have no doubt 
that various grave errors have arisen from their neglect. 
Many examples have recently occurred, in which the 
errors were detected ; and it is now the invariable practice 
of well-informed instrument-makers to reject hammered 
brass bowls for compasses, and to use those which are cast 
and turned for the purpose. 

M. Ca,valIo and others have observed, that cobalt, zinc, 
copper, and bismuth, as well as their ores, are attracted by 
the magnet and antimony when gently heated. Minerals, 
which are not metallic, are almost all acted upon by the 
magnet, particularly where they have experienced the 
action of fire. The pure earths, and particularly ailex, 
are found to have the same property. Among minerals, 
the following table shews those which are attracted and 
those which are not attracted by the magnet ; but we place 
little feith in their accuracy. 

Minorsls not attracted. ' Mmardla attiactod. 

piAmond, Oriental ruby- 

, !Pe^cid crystals. Chrysolite. 

■ Amethyirt. Tourmaline. 

Topaz. Enierald. 

Calcedony, and other Garnet, 

crystals whose colour- Several micas con- 

' ' Ingfinatter lA etp^ed ' , .fining iren. ^ 

,!• 'j , .'by ' 

. Some ;expe4aieiits hftve bcien on mica 

by Biot. The cbepaloal composition and optical struc- 
ture of different varietj^ of this mineral vaiy greatly. 
M. Biot examined panrtioijilarly mica from Siberia and 
mica from Zinwald in Bohemia Though both were 
bighJy pellucid, yet chemical re-agents indicated in each 
the existence of oxide of iron. In the Bohemian mica it 
WAngi^teBt, and, according to an ajcourote analysis by 
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Vauquelin, amounted to 20 per cent Before tlie Siberian 
mica was analyzed, M. Biot tried their ma^etic proper- 
ties. He cut out of each, thin rectangular plates of the 
•same form, which he subdivided into smaller similar 
pieces, and having united them in a bundle, he suspended 
oach bundle by a silk fibre, and caused each bundle to 
oscillate in succession between the poles of two strong 
magnets. The bundle of Zinwald mica performed twelve 
oscillations in fifty-five seconds, and that of the Siberian 
mica only seven in the same time. Hence the magnetic 
powers of the two micas were as 6*8 to 20, the ratio of 
49 and 14 to the squares of the number of oscillations. If 
the oxide of iron, then, be the cause of their magnetic 
virtue, it should exist in the above proportions of 6*8 to 
20 ; and as it was found to be 20 per cent in the Zinwald 
mica, it ought to be 6‘8 in the Siberian. It is very 
remarkable that the result of Vauquelin’s analysis gave 
exactly this per centage of the oxide of iron, though it 
was not known to M. Biot till his experiment had been 
made. 

The existence of magnetism in brass, while there was 
not the least trace of it either in the copper or zinc of 
which it is composed, led philosophers to investigate the 
effects produced b^ the wnipn of differeht' metab, or by 
their opnabmatipn y^h ptibijr substances., Iron itself is a 
si ml>]e chemical body. Steei is a combination of iron and 

carbon. The loadstone is a combination of iron and 
oxygen ; and as no magnetisna is found either iu carbon 
or oxygen, wo are naturally led to believe, as M. Pouillet 
has remarked, that the magnetic fluid resides in the sub- ’ 
stance of the iron, and that it is carried with the atoms of’ 
that metal into all the chemical combinations which they' 
form. We may therefore expect to find magnetic pro- 
perties more or less developed in all ferruginous bodies, 
whether the iron be an accidental or an essential ingre- 
dient ; and indeed oast iron, plumbago, and the oxides 



100 


treatise on magnetism. 


and sulphurets of iron, exert a sensible action on the mag- 
netic needle. 

These views, however, are not in unison with facts which 
seem to have been well ascertained. Dr Matthew Young 
found, that the smallest admixture of antimony was 
capable of destroying the polarity of iron ; and M. Seebeck 
states, that an alloy of one part of iron and four parts of 
antimony was so .completely destitute of magnetic action, 
that, even when it was put into rotation, it exerted no 
power over the magnetic needle. The magnetic qualities 
of nickel also are destroyed by a mixture with it of other 
metals. Chenevix found that a very small proportion of 
arsenic deprived a mass of nickel, which had previously 
exhibited a strong magnetic power, of the whole of its 
magnetism ; and Dr Seebeck found that an alloy of two 
parts of copper with one of nickel, was entirely devoid of 
magnetism, and on this account he recommends it as well 
suited for the manufacture of compass-boxes. On the 
other hand, Mr Hatchet ascertained, that when a large 
proportion of carbon or su^hur or com- 

bined with iron, the iron was enabW fully tp receive and 
retain its magnetic properties ; but he at the same time 
found that there was a limit beyond which ah excess ot 
any of these three, substances rendered the compound 
wholly incapable of receiving magnetism. 

Animal and vegetable substances, after combination, are 
said to be attracted by the magnet. The flesh, and par- 
ticularly blood, are acted upon more powerfully than other 
parts, and bone less powerfully. Burned vegetables have 
the same property, and also soot, and atmospheric dust ; 
and M. Cavallo has maintained, that brisk chemical eifer- 
yescence acted upon the magnetic needle. 
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Sect* IL — ^ccounif of the Eoaperimmis of Coulomhy 

Becquerel^ Arago^ and Seeheck^ on the existence of 

Universal Magnetism* 

These various experiments on the magnetic power of 
so many classes of bodies, differing essentially in their 
composition, and in many of which it could not be reason- 
ably supposed that iron existed, led some philosophers to 
believe that almost all substances gave indications of mag- 
netism, M. Cayallo announced this opinion, but Mr 
Bennet questioned the accuracy of the experiments, and 
ascribed the movements observed in the needle to the 
agitation of the air in the receiver, arising from changes 
of temperature produced by the proximity of the observer's 
body, or from other causes. 

It was not, therefore, till 1802, that the supposition ot 
universal magnetism was put to the test of rigorous expe- 
riment. The apparatus which Coulomb employed for this 
purpose Ib shewn in fig. 21, 
wh^e A. A 1 b ft g^iss receiver 
perfpnaM at Us top,^ an4i . 
ing a tube witji a ^rk B, 
which could be raised and low- 
ered with facility. Through 
this cork passed a cord of 
wood or metal, to which was. 
attached a silk fibre, which 
mspended a ring of very fine 
paper, on which the small 
needle n s (about the third of 
an inch long and thick) 
was placed. The receiver was 


Fig. 21, 
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then placed so as to enclose the opposite poles N S of 
the powerful magnets M M, each formed of four bars of 
steel tempered to a white heat. Each bar was seventeen 
inches long, three-fifths of an inch wide, and one-sixth of 
an incli thick, each bundle of four bars being one and 
three-eighths of an inch wide, and one-third of an 
inch thick. The distance N S of their poles was eight 
tenths of an inch. In making the experiments, the rod tt 
was turned till the needle n s was removed from tho influ- 
ence of the magnets ; and after the number of its oscilla- 
tions was observed, the rod tt was turned till the needle 
descended between the poles N S of the magnets, when 
the number of oscillations of the needle was again counted, 
or the time in which a given number of oscillations was 
performed. If the needle performed the same number 
of oscillations in the some time, whether it oscillated 
between the poles N S, or beyond their influence, it 
is obvious that the magnets exercised no power over 
them ; but this was never the case, and Coulomb found 
that all substances whatever, ‘when formed in^o* small 
needlM, turned themselves in the directibn of the poles N 
S, and, after a few oscillations, finally settled in that posi- 
tion. When these bodies were moved a very little way 
out of their position of equilibrium, they immediately 
began to oscillate round it, the oscillations being always 
p^ormbd wire rapidly in the presence of the magnets 
thaii ■wbea they 

Gold,, sUver,V^6,'VP0od, Wd ali qirr 

ganic orinorganioi ttius obey tibo power thj6 magnets. 
Hence We Oanabt avoid the conclusion, either that all 
bodies are susceptible of magnetism, or that they contain 
minute quantities of iron, or other magnetic metals, which 
give them that susceptibility. M. Biot does not consider 
this alternative so inevitable as it appears, and throws out 
tl^e conjecture, that the action may npt be magnetic, but 
^^y be owing to some small force similar or analogous to 
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the electrical forces developed by the simple contact of 
heterogeneous bodies. This no doubt might be, if there 
was any contact i and, in the absence of any reasons what- 
ever for ascribing the observed effects to another cause, 
wo cannot but rest between the alternative opinions above 
mentioned, giving a preference to that which ascribes the 
phenomenon to the existence in all bodies of a slight sus- 
ceptibility to magnetic action. 

This opinion derives considerable support from the 
experiments made by Coulomb on the comparative mag- 
netic susceptibilities of cylindrical needles of gold, silver, 
lead, copper, and tin, which had been purified with the 
greatest care by MM. Sage and Guyton, and the results 
ef which we have already given in our history of magnet- 
ism. M. Coulomb made a number of experiments on the 
effects experienced by needles of white wax, containing 
different proportions of iron filings, and he found that the 
intensities of the action which they experienced wheii 
oscillating between two magnets, was proportional to the 
absolute quantities of iron which they contained, the dis- 
tribution and chemical state of the ferruginous particles 
being the same. 

Since the time of Coulomb, methods different from his 
have been employed in developing magnetism in all bodies 
whatever. In order to detect small quantities of iron in 
minerals, M. Haiiy employed the process of what he calls 
’ double magnetism. For ibis purpose, he placed a small 
bar-magnet in the directiou of the needle, and in the same 
horizontal plane, the two similar poles being placed 
towards each other. The magnet being now brought 
slowly towards the needle, the latter deviates from the 
direction of the magnetic meridian, and takes a position 
perpendicular to it, — an effect arising from the combined 
action of the poles of the magnet and the earth upon tho 
magnetism of the needle. In this position, a very feeble 
magnetic action is sufficient to make the needle turn 
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round and place its south pole opposite the north pole of 
the needle. 

When the magnet is above the plane of the needle^ and 
their opposite poles placed near each other, the needle 
does not change its direction while the point of suspension 
is beyond the bar, and at a suitable distance ; but it is not 
so when the distance changes, for it tends continually to 
place itself perpendicular tO'the line of the poles. 

This important subject has been investigated by M. 
Becquei^el, who obtained the following results.* His bai> 
magnet consisted of six united bars, each eight decimetres 
long and two centimetres broad. The needle was placed 
at different heights within and without the bar, and he 
sought to determine for each height the horizontal distance 
from the point of suspension (which is always in the line 
of the poles) to the nearest extremity of the needle, in 
order that its direction might be perpendicular to that linew 
The results were as follow : 


VottioaX Pbtaueea firoin 
t^e Contra of Sm- 
penaitjp to dio B»r. 

MitlimetMB. , 

100 

150 

200 

.,250' 

850 

400 


Htoriaontal Diatancefl of the Centre 
of Snepension to tiie iii 

or4.er ^e Needle might 
a pelrpbndicnlar position. 

Millimetre&i 
60 within 
55 
46 
, 23 

,, 12/':: ' . 

45 without 

9r2 


Hence it appears, that when the centre of suspension is 
above the bar, the perpendicular position is obtained by; 
increasing the vertical and diminishing the horizoutai 
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distance ; and that both these dist^ces are increased 
while the centre of suspension is below the bar 5 and the 
direction of the deviation depends on accidental causes, 
and is often determined by tlie simple motion of the 
apparatus. 

When M. Becquercl substituted for his magnetic needle 
a needle of soft iron, the results were exactly the same, 
differing only in their intensity. We come now to the 
original part of M. Becquerel’s inquiry. Instead of a 
needle, he used a small paper case filled with deutoxide of 
iron^ or a mixture of deutoxide and tritoxide. With the 
former the effects were the same as with the steel needle.; 
but it was different with the latter, in which one part of 
deutoxide was mixed with thirty parts of tritoxide. 

If the centre of suspension be placed as near as possible 
to the north pole of the bar-magnet, and in the line of 
the poles, the paper case will take immediately a direc- 
tion perpendicular to this line, instead of one coincident 
with it, as a soft iron needle would have done. If we put 
it out of this direction, it will return to it by a series of 
oscillations, whose velocity depends on the quantity of 
the deutoxide. From this it follows, that all the south 
polar magnetism of the paper case ts siifictted on the side of 
^ it next die har-rmgnet^ while the north polar mc^netisrh is 
on the other siddy 'as may be exhibited by cairying a small 
magnetic needle along the paper case. Such a distribu- 
tion of magnetism is impossible in soft iron or tempered, 
steel. 

If the centre of suspension be above the bar, the papet* 
case will deviate from the position which it bad at first, 
and tend to place itself in the direction of the line of the 
poles ; an effect quite opposite to that produced by a steel 
or iron needle. The following were the experimental 
vesultd r 

B % 
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Vortical OifttniiccR of 
tho Centro of Sus- 
ponsiou from tlio 


10 millimetres^ 


20 millimetres) 


30 millijnetres. 


The tra 7 isverse inagnetism acquired by the paper case is 
permauent for some tlmC) however small may be. the pro-- 
• portion of deutoxide which it contains. 

M. Becquerel next filled the paper case with very pure 
tritoxide, obtained by calcining nitrate of iron. The efifeot 
'was much weaker than bt^forc. When the point of sus- 
pension was very near one of the extremities of tho bar, 
the paper case still placed itself in a position perpendicular 
to the lipe of the polos; but if this point was placed abovo 
or below tho bar, changing at the same time the vertical 
distance) the paper case deviated from its primitive direc- 
tion, without) howevor, taking a direction perpendicular 
to tliat which it commonly takes whon the centre of aus- 
])(inHion is very near tho extremity. It might be possible) 
M. Bccquorol thinks, to attain llio perpendicular direction 
by employing much stronger magnets. The following 
wero^tho exporimoutul results ; ~ 


llorizontal Difitaiicos 
of tho eaino Centro 
to ono of tho Kxtro- 
niitioH of tho 


5 

10 

15 

20 

25 

30 

5 

10 

15 

20 

130 

] 20 
i 30 


Deviations of tlie Paper 
Case from the Dircn;- 
lion porpondicular to 
tho Lino of tho Poles. 

24® 

4i 

60 

78 

78 

84 

60 

65 

73 

77 

32 

70 

76 

82 
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Vortical Diatancea 

llorizontal Distanoea 

Deviationa from the 

from the Point 

of the same Point 

Direction perpendi- 

of Siiaponaion to 

from 

the end of 

cular to the Line 

the Bar. 

the Bor. 

of the Poles. 


Wi^iout the Bar, 




* 5 

26° 



10 

34 

5 millimetres. 

* 

15 

48 



20 

55 



L25 

70 



- 5 

32 



10 

37 

10 millimetres, 

< 

15 

43 



20 

46 



.25 

40 


Within the Bar. 



1 

rio 

26 

5 millimetres, 

1 

1 15 

1 20 

45 


( 

125 

61 



rio 

. 20 


\ 

1 15 

30 

10 millimetres. 

i 

20 

45 


1 

l25 

50 


Whenever the trIto?;ide contains the smallest quantity 
oFthedeutoxide, the velocity of the oscillations inoredeeS 
very powerfulty. If, for example, we take Imoo paper cases, 
one filled with tritoxide, and the other with tritoxide 
mixed with onc-thirtieth of the deutoxide, the first will 
perform twelve oscillations in thirty seconds, round a 
direction perpendicular to the line of the poles, while the 
other will execute twenty-five in the same time. Hence 
we may by this means readily determine the quantity of 
the deutoxlde of iron contained in the tritoxide* 

M* Beoquerel next employed needles of wood, gum-lac, 
and other stibst^ces, which have still a feebler magnetism 
than the tritoxide of iron. He placed a needle of white 
wood, n 5 , four centimetres long and two millimetres in 
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diameteTj above the interval between the opposite poles of 
two bar-magnets, as in hg. 2], the distance between N 
and S being three or four miUimetres. The point of sus- 
pension was as near as possible to* N The needle 
placed itself perpendicular to tlie line of the poles N S, in 
place of the position observed by Coulomb, coincident 
with NS. It comports itself therefore like the mixture 
of deutoxide and tritoxide of iron, or dike the tritoxide 
alone. But if we separate gradually the extremities N S 
of the bars, the wooden needle will place itself in the line 
N S, joining the poles, as shewn in the figure. The 
doviatioua were as follow : 


Distancea of N S. 

3 or 4 millimetres) 
10 

30 


Deviations of the Wooden 
Needle from the perpen- 
dicular pnhivum. 

0° 

18 

36 

56 ’ 


When the bars are very closei and the needle in the 
perpendicpler position)* if we draw it out of thin position, 
and keep it some instants in the direotmn of this line, it 
will remain there; but the smallest motion will cause it to 
return into its primitive direction^ which it takes in pre- 
ference to any other* 

‘ If we use only one bai'-magnet, and' place the wooden 
precisely Opposite one of its poles^ and as near as 
possible toihe endof the bar, it will stili 'dii'ect itis^f per- 
pend ioul^lyfio it; but if; while the point' of suspension' 
remains always in thisdine^ we advance it '\^ithin the bar, 
the needle will deviate from its direction, without, how- 
ever, reaching the position of 90*^) as will be seen from* 
the following results r 


Diatances of the Centre of Suaponsion 
from file extremitj of the Bar. 

6. millunetves,. 

Kl. 


Doviatioiis of the 
Wooden Needle. 

ISi 
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Beyond ten millimetres the deviations increase insensibly 
and irregularly, so that they cannot be measured. 

From these interesting eaqperiments, M. Becquerel con- 
cludes that the magnetic ^ects produced by a strong 
bar-magnet upon a magnetic needle, or one of soft iron, 
differ essentially ftom those which take place in all bodies 
where the magnetism is very weak. In the former, what- 
ever be their positions and directions, the magnetism is 
always distributed in the direction of their length, to the 
exclusion of every other direction ; whereas in the trit- 
oxide of iron, wood, and gum-lac, it is distributed in a 
direction which depends on the distance of the body from 
the poles of the magnet, so that the distribution varies 
with the direction which the magnet causes these needles to 
take, in virtue of the action which it exercises over them. 

The universal prevalence of magnetism in all bodies 
whatever has been established by a beautiful discovery of 
M. Arago. This distinguished philosopher conceived the 
idea of studying the oscillations of a magnetic needle 
when placed above or near any body whatever. Having 
suspended a magnetic needle above metal, or even water, 
and caused it to deviate a certain number of degrees from 
its position, it began, when left to itselP, to oscillate in 
arcs of less and less amplitude, as- if it had been placed in 
a resisting medinm ; and, what was peculiarly curious in 
these experiments, this diminution in the amplitude of 
the oscillations did not alter the number of oscillations 
which were performed in a given time. The following 
werf some of M. Arogo’s experiments with water, toe, 
and glase, the semiamplHude of the osoillations being at 
the instant 49® ; — , , ; ' , - 

The distance of the water from' the oeatHe ^ - 

was ^ I . . , 0;65 n;ul}im; , 

The amplitude lost 10° in . / -30 oscillations.' 

' When the distance was , , 62^, i millim. 

A loss of 10° of amplitude required 60 bsoillations.. 
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That is, the number of oscillations required to diminish 
the amplitude 10® was twice as great when the distance 
of the needle from the water was 52-2 millimetres, as 
when it was 0 65. 

By placing the same needle upon ice, M. Arago ob- 
tained the following results : 


EistaDces of the 
Needle from 
the Ice. 

Diminution of the 
Amplitude. 

Number of Osoillationfl 
hy which this dimi- 
nution WUB eiTccted. 

Millimetrea. 



0-70 

From 53° to 43° 

26 oscillations. 

1-26 

From 63 to 43 

34 

30-60 

From 63 to 43 

66 

52-20 

From 53 to 43 

60 

By placing another needle near a 
he obtained the following results : 

plate of crown glass. 

0-91 

From 90° to 41° 

122 

0-99 

From 90 to 41 

180 

3'04 

From 90 to 41 

208 

4-01 

From 90 to 41 

221 


Plates pf metal afforded M* Arago similar results ; but 
he neverthelpss observed that those metals which act with 
more energy than glass, wood, &c. have a mode of action 
different from that of these substances. From all these 
results, it is manifest that all bodies, when placed near a 
naagnetio needle in a state of oscillation, exercise over it 
an action, the offset pf which is to diminish, thq amplitude 
of its oscillations,^ without altering their number; and 
hence the , doctrine of the universal prevalence of mag- 
netism in aU bodies derives a new confirmation. 

When Dr Seebeck of Berlin heard of the discovery of 
M. Arago, he made a magnetic needle two and an eighth 
inches long oscillate at a distance of thrpe lines above 
plates of various bodies, and counted the number of oscil- 
lations which were required in each case to reduce the 
amplitude from 45° to 10®. 
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Substances 

Thidcnesa of the 

Number of Osoillatiuns 

employed. 

Plates. 

of tho Needle. 

Marble 

O'O line 

116 oscillations. 

Mercury 

2‘0 

112 

Bismuth 

2-0 

106 

Platina 

0-4 

94 

Antimony 

2*0 

90 

Lead 

0-75 

89 

Gold 

0*2 

89 

Zinc 

0-5 

71 

Tin 

1-0 

68 

Brass 

20 

62 

Copper 

0*3 

62 

Silver 

0^3 

56 

Iron 

0*4 

6 


Dr Seebeck found, that in alloying magnetic with non- * 
magnetic substances, he formed compounds which exercised 
no action on the magneUc needle. The alloys which had 
particularly this singular property, were those consisting 
of four parts of antimony and one of iron, or two parts of 
copper and one of nickel. In these cases, the magnetism 
of the two ingredients must have been neutralized by their 
opposite actions. 
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CHAPTER IV. 

ON TUB DEVELOPMENT OF MAGNETISM IN ALL BODIES 
BV ROTATION. 


When M. Arago was engaged in the experiments de- 
scribed in the preceding chapter, 
the idea occurred to him of Fig. 22. 

trying if the magnetic needle 


would be dragged along by the 
rotatory plates which had the 
power of diminishing the am- 
plitude of its oscillation. This 
happy conjecture was immedi- 
ately confirmed by experiment, 
and one of the most beautifiiL 
discoveries added to the science ^ 
of magnetism. 

The apparatus which he used 
for this purpose is shewn in 
fig. 22, where H is a clock made 
of bopfier^ with, the exiception of 
two or three piVots, which are 
of steel. It is supported on a 
tripod stand T Tv which otm be 
levelled by screws S S at> the 
end of its three feet •, and the 
object of it is to give a rapid' 
rotatory motion by a vertical 
axis, on which is fitted a piebe, 
fig. 29, with three branches, 
upotk tAich the revolving discs 
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are to be placed. These discs are perforated at their 
centre by a small hole which receives 
the prolongation of the axis of rota- Fig 2S. 
tion, and they are kept npon the 
branches a, c, by the pressure of a 
screw. Wings w, m?, w, (fig. 23,) which 
can be inclined at any angle, are 
applied for the purpose of retarding 
the velocity of the discs. A plate, P P, with an opening 
in its centre, a 

little larger than Fig. 24. 

the diameter of 
the discs, rests 
upon the table 
T,T, and a sheet 
of paper, / /, 
shown in fig. 24, 

(which is an en- 
larged view of 
that part of the 
apparatus,) is 
pasted to the 
lower face ofPP. 

A glass receiver p 
PR rests upon 
the upper face of ^ 

PP, and within 
it is suspended 
the magnetic needle a a', by a l^bre of silk attached to 
the axis and button w tz, by which the needle can be raised 
or depressed. A weight W gives motion to the clock, 
and a hand indicates upon the dial- plate the number of 
revolutions performed by the disc in a given time, 

When a disc of copper was placed on the support a, i, c, 
fig. 23, as shown at P fig. 24, and the copper made to 
revolve beueatb the needle a a\ with the sheet of paper 
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//intervening, the needle a d is drawn out of the mag- 
netic meridian the instant that the copper begins lo 
revolve, and with a degree of force proportional to the 
velocity of rotation. As the force with which the needle 
is dragged from its place is opposed to the magnetic 
action of the earth, which tends to keep the needle in the 
magnetic meridian, the needle will take a position of 
equilibrium depending on the ratio of these forces. When 
the , motion of th6 copper disc, however, is very rapid, the 
magnetism of the earth is overpowered by that of the 
revolving, plate, and the needle does not stop, but con- 
tinues to turn. The action of the revolving disc decreases 
in proportion as the distance of the needle from the plate 
P P is increased, the velocity being the same ; so that if 
the motion of the needle be continuous when the two 
bodies are separated only by a sheet of paper, the needle 
will take a fixed position by increasing its distance Irom 
the plate ; and its deviation from the magnetic meridian 
becomes less and less as it is removed to a greater height 
above the disc. When the plates have portions ont out 
in the direction of their radii, their action on the needle 
is diminished. 

In trying plates of various metals, M. Arago found the 
results so dependent on the alloy which the metals con- 
tained, that he did not publish the results which he 
obtained*, He devoted his attention to the doterminatlon 
of the direotipns of the force which is developed in tlio 
revolving discs, and for this purpose he songht the Qom- 
ponents of this force in the direction of three lines parallel 
to three co-ordinate planes perpendicular to each other* 
The component perpendicular to the plate he found to be 
a repulsive force, which may be rendered sensible by 
means of a very long magnet suspended by a thread ver- 
tically to the extremity of the arms of a balance kept in 
equilibrium by a weight at the other extremity. The 
ipomeiiit that the plate begins to revolve, the magnet is 
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repelled, and tlie beam of the balance inclines to the 
other side. The second component is horizontal and 
perpendicular to a vertical plane which contains tlie 
radius abutting against the projection of tlie pole of the 
needle. This is the force which gives a motion of rotation 
to the needle, and it acts in the direction of a tangent to 
the circle. The third component is parallel to the radius 
which abuts against the projection of the pole of the 
needle. It may be determined with a dipping needle 
placed vertically, so that its axis of rotation is continued 
in a plane perpendicular to one of the radii of the disc. 
A similar needle placed at the centre of the disc expe- 
riences no action. There is also a second point, nearer the 
margin than the centre, where a needle experiences no 
change in its position ; but between these points the lower 
pole is constantly Attracted towards the centre, while it is 
repelled beyond that point. 

No sooner were M, Arago's experiments announced to 
the Institute, which v'as done at the sitting of the 7th 
March, 1825, than philosophers in every part of Europe 
repeated tliem, and succeeded in adding several important 
facts to those discovered by M. Arago. MM. Babbage, 
Hersohel, Barlow, Nobili, Bacoelli, Christie, and MM. 
Prevost and Colladon, took a prominent pa^ in these 
researches. The results obtainOd by Messrs Babbage and 
Hersohel were the most important, and the experiments 
were made in a manner different from those of M. Arago. 
A horse-shoe magnet, which lifted twenty pounds, was 
made to revolve rapidly round its axis of symmetry, 
placed vertically, with its poles uppermost A circular 
disc of copper, six inches in diameter and ^tli of an mch 
thick, was suspended above the revolving magnet As 
soon as the rotation of the magnet commeneed, the copper 
began to turn in the same direction, > at first slowly, but 
afterwards with an increasing velocity. When the magnet 
was made to turn in the opposite direction/ the cliso of 
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copper changed the direction of its motion also» and 
exhibited the same phenomena. Metallic plates, ten 
inches in diameter and half an inch thick, when interposed 
between the magnet and the copper disc, did not sensibly 
modify the results, as M. Arago had observed. Glass 
produced no effect, but a sheet of tinplate iron diminished 
greatly the influence of the magnet, while two such plates 
almost destfroyed it They also found that a disc of 
copper ten inches in diameter, and half an inch thick, and 
revolving with a velocity of seven revolutions in a second, 
did not communicate any motion to a similar disc f^ely 
suspended above it. 

In comparing the influence of different metals, each 
disc had the same diameter and the same velocity ; and 
the following were the results which were obtained by 
this and another method of observation 


Copper, 

Zinc, 

Tin, 

Lead, 

Antimony, 

Mercury, 

Bismuth, 

Wood, 


Ratio of tlie Force 
to tliat of Copper. 

I-OO 

0-90 

0-47 

0.25 

0‘11 

0-00 

0-01 

0-00 


Ratio by anotbor 
Method. 

1*00 

Ml 

0-61 

0-26 

0-01 

0*00 

0-00 

0^00 


The second method of observation by Which the results 
in the last column were obtained was more expeditious 
than the first. Portions of different bodies of the same 
form and dimensions were suspended above a revolving 
magnet, and the time of successive oscillations and the 
points of equilibrium were observed. 

Our authors next sought to determine the effect pro<< 
duced by solution of continuity in tlie metallic disc upon 
which th^ revolving magnet acted. For this purpose a 
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disc of lead twelve inches in diameter and one-tenth of 
an inch thick, was suspended at a given di^stance from a 
horse-shoe magnet revolving with the ordinary rapidity, 
first in its entire state, and afterwards in the state shewn in 
the annexed figures, the black lines in the direction of the 
radii being the planes where the lead was cut through. 


Fig. 25. Fig. 26. Fig- 27. 



The aocderating forces, represented by ^ T^here r is the 

number of the revolutions, and t the time employed, are 
as follow: — 


Uncut Uiac oa in Dice Disc Disc Disc 
Disc. , fig. 26. fig. 26. fig. 27. fig. 28. fig. 29. 
IMS 1047 918 664 482 324 

. Effects mniihir, but differing in degree, were obtained 
wltb btheir' metals. WHh soft tinned iron the odt^g 
ptodtioed a yery slight dimintition of ^ei^r, whilrt 
copper the same opei^iS on reduced thd, aocbl^^Dg fore® 
in the raiid 6f 

Messrs Babbage hnd Hetfechell fie;8^ .tri^d the ^ot of 
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filling np the cuts with other metals. A light upper disc, 
suspended at a given distance above a revolving magnet, 
performed six revolutions in 64''’8. When it was out as 
in fig. 29, its magnetic action was so weakened that it 
took I6r'*8 to perform six revolutions. When tho eight 
open radial spaces were filled up with tin, its magnetic 
action was restored to such a degree that it mode six 
revolutions in 57'''3. This fact is very interesting, as tin 
has less than half the energy of copper. The following 
results w^e obtained from other experiments, the num^ 
bers representing the accelerating forces or the magnetic 


energies developed in the plates : — > 

Brass not cut l-OO 

Brass cut 0*24 

Brass soldered with bismuth 0*53 

Brass soldered with tin..... 0*88 

Copper not cut 1*00 

Copper cut 0*2Q 

Copper soldered with tin .....*0*91 


, In determining the law of the fproe in relatipn to the 
^^tanCe, Messrs Babbage and Herschel found it to vary 
between the ratio of the square and the onbe of the dis- 
tance. Mr Christie found, that when the revolving disc 
was thick and the needle delicate, the force which produced 
the ^viation of the needle increased directly as the velo- 
ci^ of rotatioi^ and inversely as the fourth power of the 
difltoce. .MH. FieyoU and GoUado* found that the 
angles of devotion,' and hot tbpir sihes, increased in the 
direct ratio of thP velocity, at least within certain limits ; 
and that the sines of the angles of deviation were in the 
inverse ratio of the two and a half power of the distance.^ 
M. Haldat made some interesting experiments on this 
subject. He found that every needle, however weak was 
its magnetism, obeyed the action of the revolving disc t 
. tome xxhCf p. 815. 



DEVELOPED IN ALL BODIES BT ROTATION. 119 


but that this action disappeared entirely when its polarity 
disappeared. He found it impossible to magnetize needles 
by the action of the revolving disc, however rapid ; and, 
in consequence of ascribing this effect to the want of 
coercive power, he employed discs of iron and steel, both 
soft and hardened. 

A disc of soft iron acted with more energy than one of 
copper, and with the same velocity it dragged the needle 
twice the distance that a disc of brass did. Iron strongly 
Iiammered acted like soft iron, and was unable to give 
polarity to a steel needle. But a disc of untempered 
steel one twenty-fifth of an inch thick did not produce 
any appreciable effect on the magnetic needle, which, 
after a few irregular oscillations, maintained its ordinary 
position of equilibrium. Hence our author concluded 
that the force which acted upon it was in the inverse 
ratio of the coercive force. M. Haldat also found that 
discs in a state of incandescence exercised the same action 
as those at the ordinary temperature. 

We have alreofly seen, in our historical detail, that 
about six months previous to the announcement of 
M. Arago’s discoveries, Mr Barlow had announced to tho 
Koyal Society of London the result of a series of experi- 
ments on the magnetic effects produced by iron in rotation. 
Having fbund that an i^b^ ball performing 640 revolutions 
in a minute caused a magnetic needle to deviate several 
degrees, and to take a fixed position during tho continu- 
ance of tho motion ; that tho needle deviated in an oppo- 
site direction when the motion of the ball was reversed ; 
that tl^^, ;were certain positions in which a bomb twelve 
laches in dfox^eter, moved by a steam-engine, occasioned 
no deviation in the needle; that in some po^i^ons the 
deviation was in one direction, and in othei* positions 
in another I and that the deviation varied between 0® 
and* 80^^; ^he cqnetmcted a regular a^aratusfpr deter- 
mining the laws oi' theep phenomena? and in which the 
iron which formed part of it shpuld not influence the 
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Pig, SO. 



resulte. Tliis apparatus is shewn in fig. 30, where S is 
an iron sphere, made to revolve on a horizontal axis AB, 
by means of two wheels, like an electrical machine, their 
diameters being as six to one, so as to perform 720 revo- 
lutions in a minute. A table LM was placed near the 
sphere, for holding the needle, so that the needle could 
be placed in any position, either above or below the 
LM being brought to of 

the ^ na^le phuced 

rent posltidt^ rtmod the sphei^ ' Thd ^ 6f the 

earth’s magnetiem on the hee^e being destroyed or neu- 
tralized by the action of a magnet properly placed for this 
purpose, and shewn at NS standing vertically, Mr Barlow 
found, that whatever, was the azimuth of the needle, its 
north pole approached the sphere S when the upper part 
of the sphere was moving towards the needle^ aiid that its. 

‘ approached the sphere when. We upper part 
moVedyran the needle. 
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Having placed the axis of rotation sometimes in the 
magnetic meridian, sometimes in the direction of east and 
west, and sometimes in intermediate positions, he found, 
that whatever was the direction of the axis of rotation, 
the needle being always a tangent to the sphere, the TMTtli 
end of the needle was attracted when the sphere moved 
towards the needle, and repelled when its motion was 
from the needle. When the needle was carried round 
the revolving sphere in the semicircle, where the motion 
was directed towards the needle, its north extremity 
approached the sphere, and in the other semicircle receded 
from it. The points where the sphere exercised upon it 
no action were at the two extremitioa of the axis, and 
those where the effect was a maximum were at the two 
extremities of an axis at Tight angles to this. In this 
ease the direction of the needle was towards the centre of 
the ball. 


Fig. 31. 



cd its equator. The lines ns, nSy bhew the pdmitlvo 

V 
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position of the needle, and the dotted lines wV , nV, &c- 
those assumed by it when the motion is made from c to 
TThe effects are revelled when the motion is made from 
d to c. 

If we carry the needle, when perfectly neutralized, 
round the sphere, and parallel to its axis, it has a tendency 
to place itself at right angles to the axis, and takes oppo- 
site directions at certain parts of the circle. If, for 
example, the axis be in the magnetic meridian, and the 
motion directed from the west to the east point of the 
horizon, the needle will direct itself to the west, and will 
do the same at all points between the horizon and an 
altitude of 60®. Beyond this the north end will direct 
itself to the east till it has passed the zenith 30® to tho 
west ; and that from this point to the west horizon, the 
north extremity will direct itself to the west, and similar 
changes will take place under the sphere. The same 
effects are produced, whatever be the direction of the 
axis and that of motion. 

When a magnetic needle not neutrcdiiifed iw placed - in 
different positions round the sphere whose axis is in the 
magnetic direction, the effects produced are as shewn in 
fig. 32, where AB is the axis of rotation, the black lines 



representing the natural deviations of the needle, and the 
dotted ones those which it assumes when the sphere is 
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in motion. Beginning at the point A, if the motion be 
from left to right, that is, from west to east, the needle 
moves from to n' in the same direction till it arrives at 
30®. It then remains in its natural direction. The 
needle moves in a contrary direction from right to left at 
60®, 76®, and at 90®. 

Mr Barlow was next desirous of ascertaining the diffe- 
rent effects produced by a solid and a hollow ball of iron, 
and with this view he put in motion a solid ball 7*87 
inches in diameter, and weighing sixty-eight pounds, and 
also a hollow sphere of iron, weighing only about thirty- 
four pounds. Both of them performed 640 revolutions in 
a minute, and the following were the average results : — 

■Weight 

Mean deviation of the solid ball 28® 24' .68 lbs. 

Moan deviation of the hollow ball 16 6 34 

When the two balls were at rest, the difference ?f their 
action was nothing. 

Mr Barlow’s paper on rotation was communicated to 
the Royal Society on the 14th April, 1825, and on the 
20th Mr Christie communicated one On tlie Magnetic 
<(f Iron arising from its Rotation* Mr Christie’s experi- 
ments were made with circular plates of iron put in 
motion by on bjgenious pi^e of machinery, by which he 
could make the plate revolve in every possible plane iu 
reference to the magnetic meridian. From a great body 
of well-devised experiments, ho obtained the following 
general law of the deviation due to rotation, so that the 
direction of the rotation being given, he could tell the 
direction of the deviation. This law wo must give in his 
own words. 

I refer the deviations of the horizontal needle to the 
deviations of magnetic particles in the direction of the 
dip, or to those of a dipping needle passing Ihrough its 
oentre; so that, in whatever direc^h this imaginary 
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dipping needle would deviate by the action of the iron, 
the horizontal needle would deviate in such a manner as 
to be in the same vertical plane with it : thus, when the 
north end of the horizontal needle deviates towards the 
west, and consequently the south end towards the east, I 
consider that it has obeyed the deviation of the axis of 
the imaginary dipping needle, whose northern extremity 
has deviated towards the west, and its southern towards 
the east ; so that the western side of the equator of this 
dipping needle has deviated towards the south pole of 
the sphere, and its eastern side towards the north pole. 
It would follow from this, that if the north and south 
sides of the equator of the dipping needle (referring to 
these points in the horizon) deviated towards the poles, 
no corresponding deviations would be observed in the 
horizontal needle ; the effect, in this case, taking place in 
the meiidian, would only be observable in the angle 
which the dipping needle made with the horizon. As it 
is not my intention at present to advance any hypothesis 
on the subject, 1 wish this to be considered only as a 
method of connecting all the phenomena under one general 
view. Asaunding it then for this purpose, it will be found 
that the deviations of the horizontal needle due to rotation 
are always such as would be produced hy the sides of the 
equator of this imaginary dipping needle deviating in 
directions contrary to the directions in which the edges of 
the plate movey that edge of the plate nearest , to either 
edge of the equator producing the greatest effect on it.*' ' 
From another set of experiments, Mr Christie also 
found that the effect produced on the iron by its rotation 
is permanent so long as the plate remains stationary ; that 
it is independent of friction 5 that it is so far independent 
of velocity, that the iron can scarcely he moved so slowly 
that die whole effect shall not he produced; and that the 
whole effect is produced hy making it perform- one fourth 
a revolution. After Mr Christie had discovered those 
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peculiar effects, he exhibited some of the phenomena to 
Mr Barlow, who conceived that the effect wonld be 
increased by rapid rotation, and who was thus led to 
make the experiments of which we have already given an 
account ; but the phenomena differ essentially from those 
observed by Mr Christie, tiio tbrniier being temporary 
and dependent on velocity, while the latter are permanent, 
and independent of the rapidity of rotation. 

In comparing the magnetic forces produced by rapid 
and slow rotation, Mr Christie found that the forces 
exerted on the needle during the rapid rotation of the 
plate are always in the same direction as the forces which 
are derived from the slowest rotation, and which continue 
to act after the rotation has ceased ; but that the former 
forces are greater than the latter. From a mean of all 
the observations, the forces seem to bo in the ratio of 
seventeen to thirteen, or very nearly of three to two. 
Hence Mr Christie conceives that the polarlisiog of the 
iron in the same direction will account for the phenomena 
in both cases ; but that the intensity of the polarity during 
the rapid rotation is greater than of that which appears 
to be permanent after the rotation, whether slow or rapid, 
has ceased ; and that the {>henomena observed during 
rapid rotation ar^ such as should be expected ffpm What 
have been diesdribed as arising f^om rotation; without 
regard to its velocity. 

We have already seen that Messrs Babbage and Her- 
schel interposed plates of various metals between the 
revolving magnet and the copper disc, and found no 
perceptible effect to be produced. Mr Snow Harris,* 
however, has recently shewn that several substances not 
supposed to contain iron have the power of intercepting 
the inffuenoe of a revolving magnet. A circular magnetic 
disc being delicately balanced on a fine central point by 
means of a rim of lead, was put into a state of rotation 
* PhiL Tmns. 1831, p. 49/. 
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on a small agate cup, at the rate of 600 revolutions in a 
minute; and a light ring of tinned iron, also hnely 
balanced on a central pivot, was placed immediately over 
it, at about four inches distance, by means of a thin plate 
of glass, on which its pivot rested. When the ring of 
tinned iron began to move slowly on its pivot by the 
influence of the magnet revolving below, a large mass of 
eoppevy about three inches thick, and consisting of plates 
a foot square, was carefully interposed between the mag- 
net and the iron ring- The interposition of the copper 
soon sensibly diminished the motion of the iron disc, and 
at length arrested it altogetker. On again withdrawing 
the copper, the motion of the disc was restored ; and the 
same effects were repeatedly obtained. In this experiment 
both the magnet and the disc were enclosed by glass 
shades, and supported on a firm base. 

The some effects were produced by a mass of silver 
and zinc; but when their thickness was considerably 
diminished by removing the central plates, the motion of 
the disc was not impeded* A^vcry great thickness of 
tead was necessary to stop the disc, in consequence, as 
Mr Harris supposes, of its magnetic energy being so 
much less than that of copper. 
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CHAPTER V. 

ON THE INFLUENCE OF HEAT ON MAGNETISM. 

This interesting department of magnetism divides 
itself into three parts : — ' 1^, On the effect of heat on the 
development of free magnetism ; ^dly^ On the anomalous 
attraction observed during the bright red and red heats ; 
and, On tho effect of heat on the distribution of 

magnetism in magnets. 


Sect. I . — On the Effect of Heat on the development of 
Magnetism in Cast and MaUeahle Iron. 

In the course of his experiments on the relative mag- 
netic powers of different kinds of iron and steel, already 
given in the history of magnetism, Mr Barlow was led to 
the conclusion, that the harder the metal was, the less it 
exhibited of a magnetic quality, — a result which was highly 
favourable to the hypothesis, that the odbesive pow«r df 
hardened steel not oidy prevented -the entire .devdiopment 
of its magnetism, but also the re-oombination of the two 
kinds of magnetism when they were displaced by tho 
action of a powerful magnet. With tho view of esta- 
blishing this hypothesis, Mr Barlow found it necessary 
to ascertain whether those different kinds of iron and 
steel would exhibit the same magnetic powers w]ien 
reduced to the same degree of softness, which could only 
be done by heating them in a furnace, and trying their 
magnetic qualities in that state. 

Having procured a bar of soft iron twenty-five inches 
long and an inch and a quarter square, and a cast-iron 
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one of nearly the same dimensions, he inclined the. bars 
in the direction of the dip ; and having placed a magnetic 
needle nearly on a level with the upper extremity, and at . 
the distance of six inches from it, he observed the devia- 
tions produced by the bars in different states of heat- 
Thus, 


Cast iron 

....Cold 

..Mean deviation 21® 30' 

Ditto 

....White heat... 

... Ditto 

0 

0 

Ditto 

.... Blood-red heat Ditto 

62 

0 

Malleable iron.. 

.....Cold 

...Ditto 


0 

Ditto 

....White heat... 

..Ditto 


0 

Ditto 

....Blood-red heaiDitto 

55 

0 


These experiments were often repeated with the same 
results. It deserves to be remarked as a singular result, 
that cast iron is decidedly inferior in its action when cold,, 
and when hot possesses a superior power, to malleable 
iron. 

Mr Barlow now compared malleable iron with soft and 
Lard shear steel. The bars were twenty-four inches long 
and an inch and a quarter square, and the following were 
the results : 

Malleable iron Cold Mean deviation 15® 1ft' 

Ditto White heat.... Ditto. 0 ft 

Ditto .Blood-red Ditto 41 11 

Soft shear steel ...... Cold. Ditto.... 11 ft 

Dii:i:o».....«.r«*^»»**Wliite heaj:..»«pitto.*... ...f...... ft 0 

Ditto ..f » . * i . ^ .i.B]|ood“re^.. . . tto.»... .^'S ft 

Hard shear 6 ft 

Ditto..... ..'...White heat...bitt6.. 0 0 

Ditto y... Blood-red Ditto.*.... ....47 30^ 

These experiments establish the curious faot of the 
total destruction of the magnetio virtue by a white Jteat : 
and also the no less important one, that eveiy kind of 
iron or steel has a greater capacity for developing ita 
magnetism when softened by fire than when cold* 
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Sect. IL~ Ow tlis Anomalous Attraction observed in Cast 

and Malleable Iron during the Bright Bed and Red 

Heats, 

In pursuing the preceding researches, Mr Barlow was 
led to observe a remarkable anomaly in the action of the 
iron at the red heat. When iron brought to a white heat 
has wholly lost its power, it again acquires, as it passes 
into the bright rod and red, a magnetic power ; but, what 
is truly strange, its power is attractive for the south end 
of the needle s that is, if the mrih pole of the needle was 
attracted when the iron was cold, the sovih end will be 
attracted when the iron is at a bright red heat. 

In order to investigate this subject thoroughly, Mr 
Barlow made a very extensive series of experiments with 
four different bars, each twenty-five inches long and an 
inch and a quarter square, two of them being of cast and 
two of malleable iron. Ho used also other two bars, one 
of cast and one of malleable iron, of the same dimensions, 
which were kept as standards to determine the quantity 
of cold attraction. The time employed in each experi- 
ment was a quarter of an hour : the white heat generally 
continued about fArss minutes when the negative attraction 
commenced. This attraction lasted about two minutes 
more, when the usual attraction began. This sometimes 
reached its maximum with great rapidity, but at other 
times it increased very gradually. The following table 
contains the results of Mr Barlow^s experiments. The 
letters CB denote thd cast-iron bar, and MB tho nlalleable- 
iron bar ; and the sign + indicates when the ordinary 
attraotion of the iron takes place, and — the anomalous or 
negative attraotion. 
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One of the most remeirkable results of these experiments 
is, that the anomalous action of the bar between a bright- 
red atid blood-red heat increases as we raise the bar above 
the needle, and becomes a maximum at the centre of the 
bar ; whereas at low temperatures the action of a bar of 
iron under the very same circumstances goes on diminish- 
ing as the bar is raised, and becomes a minimum at the 
centre. When the needle is placed at the height of the 
centre of the bar, when heated to produce the anomalous 
effect, the smallest displacement is sufficient to change the 
sign and the quantity of the deviation. 

Mr Barlow made some experiments with a twenty-four 
pound ball of iron, but the heat was too intense to allow 
any very accurate observations to be made. The results^ 
however, were as follow : 

Cold attraction -j- 13° 30/' deviation. 

Red heat — 3 30 

White heat 0 0 

Blood-red heat -f- 19 20 

No effect whatever was produced on the needle by 
heated bars of copper. 

In order to explain the singularly anomalous action 
above described, Mr Barlow supposes, that during the 
cooling of the bars, the extremities where this cooling is 
,m<?st rapid become magnetic before the rest of the metal, 
and ibat there results from this a complex action. He 
allows;, hower^,,' that this supposition do,^ not sufficiently 
explain . all the observed phenomena. The explanation: 
given by Profe^or, Kupffer is more satisfactory. In 
weakly magnetized bars the points of indifference are very 
near the extremities ; but in Mr Barlow’s experiment the 
magnetism communicated to soft; iron by the earth being 
nothing at a bright-red, and reaching its maximum at a 
blood-red heat, there is probably formed a point of indif- 
ference at each extremity of the bar. If this is the case. 
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the raising of the bar places the needle in front of points 
which are beyond the point of indifference, and which 
possess a magnetism opposite to that of the extremity 
itself. At the first epoch of cooling, this opposite magnet- 
ism should even increase to a certain point, and the more 
as we approach the middle of the bar ; but in proportion 
as the magnetism of the bar increases, the point of indif- 
ference will approach its middle, and the phenomena of 
ordinary attraction re- appear. 


Sect. III. — Ontfie Effects of Heat on the Distribution 
of Magnetism in Magnets, 


M. Coulomb was the first philosopher who investigated 
the important subject of the influence of heat on the dis- 
tribution^ of magnetism in needles and magnets.* He 
took a bar of steel 162 millimetres long, fourteen wide, 
and weighing eighty-two grammes. This bar was brought 
to a cherry-red heat, about 900°, and cooled slowly in the 
air, so as to have no temper. It was then magnetized to 
saturation at the temperature of about 12*=* Ileaumur. In 
this state the time of making ten oscillations was observed. 
Its temperature was again raised successively so many 
degrees, aud, .afier being cooled, the time of performing 
ten oscillations was again measured. The following were 
the results : 


Tomporaturo in degroos 
of EoftiTmur. 


Time of performing 
Tou OselllAtionia. 


12 ° ; 93 " 

: 40 ; 97*5 

80 104 

211 147 

340 .215 

510 290 

680..,. .very great. 


TraUi de tom. hi. p* 100. 
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Hence U is obvious that the magnetic intensity of the 
bar diminishes rapidly as its temperature is raised. 

Erom another set of experiments Coulomb concludes 
that the tempering of a bar previous to its being magnet- 
ized bos no influence until the heat at which it is tempered 
becomes about 750°. When the tempering is at 900®, 
the bar will take double the magnetic force that it did at 
12° ; the ratio of the time of ten oscillations being 63" and 
93", the squares of which, to which the magnetic forces 
are proportional, are nearly as one to two. 

After the magnet had received the hardest temper at 
950®, it was magnetized to saturation. When it was 
brought back, by annealing, to lower temperatures, and 
again magnetized, the effects were as follow : 

Time of Ten Oedillations 


Temperatare. of a Bar tonipored 

at 05®. 

12 ° 63 " 

80 66 

214, blue colour 80 

410, colour of water .....170 


Hence we see that the progressive rise of temperature 
alters the magnetism of the bar much more when It had 
been first tempered towards 900® and cooled slowly, than 
when it had been first put into the annealed state. 

When in the annealed state the bar is exposed only to 
temperaturea below 500®, it receives its original force by 
Wng! again magnetized ; but in the state of temper it is not 
so. Each rise of temperature diminishes perceptibly the 
magnetic force whicl\ the bar can receive from being again 
magnetized. This is shewn in the following table : 

Time of porforming Ton 


Annexing Temperature, Oflcillations whon 

again mngnotissod. 

12 ® 63 " 

214 64-5 

410, colour of water 70 

900, cherry red......*.. 



INFLUENCE OF HEAT ON MAGNETISM. 135 


The bar, therefore, attained its maximum energy 'when 
tempered at 900°, It then performed ten oscillations in 
63". Setting out from this term, the directive force 
diminished in proportion as the annealing temperature 
increased. At 900® the bar, magnetized anew to satura- 
tion, employed 93'' to make ten oscillations, as in the first 
experiments, which ought to have been the case, as it was 
brought back to the same state of perfect annealing from 
which it was at first taken. 

The bars used by Coulomb were about thirty times as 
long as they were thick, and with such bars similar results 
were always obtained. But this was not the case with 
larger bars. Having taken a steel wire 326 millimetres 
long and four in diameter, he tempered it at 820®, mag- 
netized it to saturation, and determined its directive force. 
He repeated the same operation after having annealed it 
at different temperatures, and the following were the 
roaults ; 


Annealing Tomporatum Time of Ton OBciHations. 

12® temperature of atmosphere 89'' 

320 colour of water 70 

460 deep red 68 

530 less deep red ,*..,.70 . 

900 bright cherry r^d 76 


Here the hard temper gives the weakest directive force, 
ns wo have already seen in the preceding experiments- 
The maximum effect tafees place when the wire is 
annealed at about 460®, and this result is a general one for 
all wires and plates whose length is very great relative to 
their width. 

This result seems to bo connected with a particular 
mode of distribution of free magnoliam. In bars whose 
length does not exceed thirty times their di^imeter, there 
is never more than one magnetic eentre, which is in the 
middle of the bar. But whon the ratio of the length to 
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the breadth is greater than this, magnetizing it produces 
always three centres, one in the middle of the bar, and the 
other two at equal distances from its extremities. This 
effect is shewn in fig. 33, and in fig 34. The effect of 

Fig. 33. 

^ B 

A 

placing such a magnet in iron filings is shewn in fig 34 ; 

and in fig. 33 the curve of the intensities is seen to cross 

Fig. 34. 



the'asds between the centre C and the poles A B, the two 
new centres being at O' and Qf\ 

M. Coulomb found that the distance C' A, C* B, of the 
two new centres from the extremities of the magnet, varies 
with the temper ; and the annealing heat is shewn by the 
following resnlts, obtained with a wire-magnet 826 milli- 


metres longs — 





Time of Ten 
OsoillationB. 

Difttancee of the Centres 

O' (f from tho Centre C, the 
Middle of tbo Magnet 



a 

C^. 

Hard temper 

....89 

98 

00 

Annealed at the colour 



of water. 

....vs 

68 

63 

Ditto at dark-red heat.68 

43 

43 

Ditto at cherry red. 

7C • 

0 

0 


In proportion as the annealing heat increases, the two 
centres C 0 approach each other, and are re-united with 
the centre C at a cherry-red heat. This last result is very 
important in the construction of compass-needles. Cou- 
lomb regards the dark red as the best annealing heat for 
needles/or baow ^hose length exceeds thirty times their 
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thickness, and the state of hard temper for those where 
the ratio between tlie length and the thickness is less. 

It is extremely probable, as M. Biot supposes, that 
when magnets are larger in proportion to their thickness 
than those used in the preceding experiments, a greater 
number of centres will be produced, were it from no other 
cause than the re-action of the plate upon itself. 


In examining the influence of temperature on magnets^ 


Professor Kupffer began by examining the 
effect of heat in altering the distribution 
of magnetism. For this purpose he look 
a parallelopiped of tempered steel, 303 
millimetres long, 15j|-wlde, and 5 thick, 
and having magnetized it to saturation, 
he heated it, and allowing it to cool slowly, 
he submitted it to examination. TJie 
magnet was placed vertically, as at d 
and a needle, suspended by a silk fibre, 


Fig. 35. 




5 ' 


was made to oscillate before any point a by 


in order to determine the intensity 

of 1 

. ^ 

magnetism at that point. In this way he obtained the 

following results t 

* 

III' ' 


Millimst^ 

. H MsgaiQt not 
hoatod. 

to 80®i and exam- 
ined ahvr cuoliug. 


Magnetic Force. 

Magnetic Force. 


166 

0-6569 

0-4376 


13C-D 

0-7374 

0-5765 


116-5 

0-9455 . 

0-7280 


96-6 

1-1R62 

0-8897 


76-6 

1-4311 

1-0659 


66-5 

1-6518 

1-1929 



Hence it appears that the bar heatod to 80^ had not 
only lost much of its magnetic virtue, but that this loss 
was not uniform along the whole length of the bar, being 
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greater towards the extremities d H than towards the 
middle. This may be easily seen by dividing the forces 
in columns 2 and 3 by one another, when it will appear 
that the quotients are greater for points nearest d and h\ 

M. ICupfPer next studied the changes which take place 
in the forces of a magnetic needle when its temperature is 
increasing, the heat being kept constant during the time 
of each experiment. He used a cylindrical needle of fused 
steel, 0*67 millimetre long, and 2-365 grammes in weight. 
The temperature increased from to 18°, and the 
deviation of 300 oscillations varied from 777^ to 781, 
which shews, as Coulomb had previously observed, that 
the magnetic force diminished as the temperature 
increased. By another series of experiments, M. Kupder 
has shewn, that the diurnal variations of the needle did 
not at all affect these results. 

In order to determine the law of the decrease of the 
magnetic forces at temperatures above 30®, he made a 
needle oscillate above a newly magnetized bar 0*5 milli- 
metre long, the opposite poles looking to each other, and 
he raised the temperature of the bar from 13° to 80°, by 
means 6f hot water- At 18°, the needle, when by itself, 
performed 800 oscillations in 762^', and in presence of the 
magnet it lost only 429". When brought to the tempera- 
tures in the table, and then cooled, the oscillations of the 
needte were observed. 

of iho Magnet Duration of 3<)0 OflelUaijons. 

■ . ' 429" ' . 

80. , . . , , 476 

21 464 ^ 

18 463 

11 ■ 462i 

Hence it appears tliat the magnetic force diminishes 
with heat, and that a magnet at the temperature of 13°, 
when heated to 80°, and then cooled, to 13°, does not 
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respme Its first magnetic state, which is diminiahed. The 
cause of this is, that in cooling slowly the bar loses a 
part of its temper, and consequently a part of its free 
magnetism. 

From these observations M. Kupfifer deduces the fol- 
lowing formulffi, which represent with great accuracy the 
influence of temperature, viz. 



where c is the force exerted by the earth on the oscillating 
needle. 

Xf the number of seconds in which n oscillations are 
made. 

F, the force exerted by the bar at the same tempera- 
ture. 

x\ the number of seconds which the same needle 
employs at the temperature t, 

p, the intensity of the magnetic force of the bar at 
13° j and 

qj the intensity of the same force at 60<^. 

Kupffer proceeded to examine the efleots ^hich the 
heating of only one pole of a magnet produced upon the 
distribution of its magnetism. With this view he placed 
a magnet parallel to a needle suspended horizontally, the 
dissimilar poles being placed opposite to each other. The 
needle wiU not remain in the magnetic meridian unless its 
neutral point and that of the bar are in the samejine per- 
pendicular to the needle. This position may be found by 
a few trials. When by shifting the magnet its neutral 
point approaches one of the poles of the needle, and always 
in the same direction, this pole will be repelled, because 
the opposite pole of the needle is more strongly attracted 
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by the corresponclmg pole of the magnet, which is brought 
near it, while the other is removed from it. 

Let us now heat the north pole of the magnet ; the south 
pole of the needle opposite to it will be soon attracted. 
Hence it is clear that the point of indifference, or neutral 
point, has receded from the heated pole, or from the pole 
whose magnetic intensity is diminished, which agrees with 
the law of Coulomb. The following results were obtained 
with a magnet 0*6 millimetre long, the needle being placed 
in the magnetic meridian : — 


Temperature at the extre- 
mity of the Bar. 

0® Reaumur. 
13 
40 
66 
15 
U 


Duration of 1 0 
OtcUlntiouB. 

275'5 seconds. 
276 
278 
279-5 
277-5 
277 


" When the magnet had cooled slowly, the needle retui^ned 
gradually to its first position ; but it never recovered it 
entirely. By the earth’s action only, the needle performed 
50 oscillations in 207". 

When a bar of soft iron was substituted for the magnet, 
and placed in the magnetic meridian, it was magnetized 
by the action of the earth. When one of its extremities was 
heated, the pole of the needle next it was attracted instead 
of repelledy the neutral point having approached to tlie 
heated extremity, in place of receding from it as formerly. 
Hence the magnetic force of the iron was increased by 
heat. 

In examining the diurnal deviations of the needle when 
under the influence of magnets, Mr Christie conceived 
that the deviations might be partly the effect of changes 
in the temperature of the magnets ; and he therefore 
undertook a series of experiments to determine the precise 
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effects of changes of temperature on magnets. By a 
peculiar apparatus, and a method of observation which our 
limits will not allow us to introduce, he obtained the fol- 
lowing results : — 


Mean Tpmpcmr 
tiiro of tho 
MngnptH. 

Diflbmico of 
llcat8 in MIC* 
CCbMVO (>1>- 

Magnetic 

lutciibilj'. 

Variatiim of 
IiitciisHy for 
1° of Fnlir. 

1‘tthr. 

horvntioiiH. 


62°*05 

— 8“*00 

212*5620 

0”*1268 

50 *05 

+ 18*60 

212*9423 

0 *1247 

77 -66 

— 3*65 

210*6228 

0 *1004 

74 -OO 

— 3*35 

210*9892 

0*1279 

70*65 

— 3*50 

211*4178 

0*1193 

67 'IS 

— 3*35 

211*8853 

0 *1138 

68 *80 

— 1 *75 

212*2167 


62*05 


212*4640 

0*1413 


By discussing these results, Mr Christie concludes that 
0*1226 is the mean variation of the intensity of the mag- 
nets, from a change in their temperature of 1® between 
the temperatures of 59°'05 and 77°*65. Taking the case 
where the intensity at 60° was 218, the change for 1° was 
0*123; and supposing the intensity to be 1, each degree 
will produpe a diminution of 0*000564. 

From a nun^bpr of experiments made with a balance of 
torsion, the needle being suspended by a brass wire : 7 ^th 
of an inch in diameter, Mr Christie ascertained the fal- 
lowing facts : 

1. Beginning with — 3° of Fahrenheit, up to 127°, the 
intensity of magnets decreased os their temperature 
increased. 

2. With a certain increment of temperature the debre- 
ment of intensity is not constant at all temperatures, but 
increases as the temperature increases. 

3. From a temperature of about 80°, |:he intensity de- 
ck*eases very rapidly as the temperature increases ; so that 
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if, up to this temperature, the differences of the decre- 
ments are nearly constant, the differences in the decrements 
also increase. 

4. Beyond the temperature of 100° a portion of the 
power of the magnet is permanently destroyed. 

5. On a change of temperature, the most considerable 
portion of the effect on the intensity of the magnet is pro- 
duced instantaneously, shewing that the magnetic power 
resides on or very near the surface. 

6. The effects produced on soft iron by changes of 
temperature are directly the reverse of those produced on 
a magnet ; an increase of temperature causing an increase 
in the magnetic power of the iron. This was observed 
between the temperatures 50° and 100° Fahr. Mr Christie 
regards this fact os a strong argument against the hypo- 
thesis, that the action of iron upon the needle arises from 
the polarity which it receives from the earth. ♦ 

* See Philotophical TransaoHons, 1826, j). 1 — .66, 
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CHAPTER vr. 

ON THE ACTION OP SIMPLE IRON BODIES ON THE 
MAGNETIO NEEDLE. 

Mr Barlow xindertook the iDtercsting experiments 
which wo are about to describe, with the view of discover- 
ing some method of correcting the local attraction of a 
ship’s guns and other iron on the compass-needle. 

His attention was first directed to the action of solid 
spheres and spherical shells of iron ; but he afterwards 
applied the principles to which he was led, to the action 
of bars and plates of simple iron, and to Irregular masses* 
We shall therefore lay before our readers, in three 
separate sections, the results of his experiments and 
theoretical investigations respecting these two forms of 
nnmagnetizcd iron. 


Sect. L rts Astiofi qf Spheres ani Spherkal SheUe 
'\gfln>n on Ms Mogn6Ho Needk, 

The earliest experiments of Mr Barlow, by which he 
was led to some of the properties of iron spheres, were 
made in an imperfect manner \ but the phenomena were 
suck oe to induce him to construct an apparatus capable 
of a^rdittg him the most accurate measures of the devU^ 
tioD of needle. 

The appiu»ti^ which he finally employed is shewn in 
fig, 86. It steady round table TT, 

having its snr6b^ bd^^ontsl. The points of the compass 
are laid down on its hppet face. In its centre is a hole 
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ISJ inches wide, for receiving an eighteen-inch or smaller 
iron shell or ball 
B, which is sus- 
pended above it by 
pulleys pp, which 
allow the observer 
to raise or lower it 
at pleasure. When 
a diameter of this 
table is brought into 
the magnetic meri- 
dian, Mr Barlow 
found, that in what- 
ever part of the table 
a compass -needle 
was placed, except 
in the meridian, the 
south end of the 
needle was drawn 
to the ball when the latter was wholly ^bove <he table, 
as in the'^gure. The attraction incteases ap the ball 
descends, till at a certain point it is a maximum, and then 
decreases again towards zero as the ball descends farther. 
Hence it is clear, that there is all round the ball a position 
where the attraction is zero ; and it was easily observed 
^at these points lay in a plane inclined to the horizon. 
In this way Mr Barlow established his fundamental prin- 
ciple, that , 

In eve% hall or shell of plain unmagiwtited iron there 
exists a plane of no attraction, or a plane in which the iron 
produces no disturbance on the needle, and which plane 
inclines from north to south (magnetic,) femning with the 
horizon an angle equal to die complement of the dip. 

Tfhis line on the surface of the ball may be called the 
magnetic equator ; and, taking the meridian which passes 
thtpugh the east and west points as the first,' Mr* Barlow 
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is able to designate every part of his iron sphere by the 
magnetic longitude and latitude of that point. 

Mr Barlow therefore proceeded to determine whether 
the quantity and deviation at any point could be expressed 
by any function of the latitude and longitude of that point, 
when the mass of the ball and the distance of the needle 
from it were constant From these experiments, which 
it is unnecessary to detail, he found, 

TJiat the tangent of the deviation of die needle is propor^ 
tional to the rectangle of the sine and cosine of the latitude^ 
or to the sine of the dmbU latitude^ 

By observing the deviations throughout a gi'eat circle 
in which the longitude was constant, and also in a circle 
in which the latitude and longitude were variable, he 
found the Miowing law,— 

Thai die tangent (f the deviation of die needle is nearly 
proportional to the sine of the double laiitttde multiplied 
by die cosine of the longitude. 

By comparing the constant numbers obtained on the 
preceding principles at different distances from the centre 
of the sphere^ Mr Barlow found, — 

Thai the tangent of the deviation is inversely proportional 
to the cube <f die distame. 

The remui^ing object of Mr Barjow’e inquiry , wa$ , a 
Very to determine the law. of the 

4eWa6i^ ^ '(pendent oh the mass of the iron ball by 
tbe.a'ciion of which it was produced. The result was 
equally new and unexpected. He found, — 

Thai die tangent of the deviation um direody propor^ 
Hotial te dm cube of die diameter of djm haU or shell ; ^ 
that it a stiU wholly independent of the mass, be^, % 
sums ^ ^^anUty iphatever be the ddehness ^ 
provided on^f that it epeeed one^twmdi^ qfdn 'iniA^ 
Hence tt tie entire magnidw (f an 

iron sphere on (he su9;fii0ef is pid^pend^nt qf 

the soUdity. ^ 
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Mr Barlow was so much surprised at this result, that 
he coustructed a ten-inch shell of tinplate, and another of 
iron plate, the former weighing forty-three ounces and 
the latter forty-five ounces, and he found that the power 
of neither was so great as that of the solid ball of the 
same diameter, but approached to it in the ratio of two 
to three. As t^e thickness of the irpn in these shells 
was at an average ahbpt one-tbirti^th of, an inch, Mr 
Barlow eoncloded that the magnetio fluid requires n cer- 
tain thickness of miotal,. exceeding ope-thirtieth of an 
inch; in order j^Afeotuafly to develop itself, ,aiad act with 
its maximum, energy. 

This important result was some time afterwards verified 
by Captain Kater, with three cylinders, one of soft iron, 
and one-tenth of an inch thick; another of what is called 
chestr plate, 0-186 of an inch thick ; and the third solid. 
The deviations produced by these three cylinders, when 
reduced to the same extent of surface, were 141, 184. 
and 187, thus proving that the cylinder whose thickness 
was only 0-186, or between one-fifth and one-sixth of an 
inch thick, had the same magnetic power/ as a s^lid 
cylinder of iron. The distribution of magnetism on the 
surface of magnetic bodies presents ns with, another inte- 
resting analogy between the magnetic and electric fluids ; 
and it deserves our particular notice, that, in the results 
, ol^ained by Mr Barlow, the action of the sphere is related 
Us masSji and not to the poles of its mag- 

' i', . V' 

IV&r ywoeeda to tbp; investigadon 

tioal formuim of iron spheres 

upon a mpgnetlb heedile. In this inquiry he sets out with 
the established experimental fact already mentioned, that 
the entire magnetic jpoi^ of* an iron sjyAere resides on the 
aufface^ and is independent qf the solidity ; and he pro^ 
oe^s on the following hypothesis ; 



ACTION OF SIMPLE IRON BODIES ON NEEDLE. 147 

1. Magnetic phenomena are due to the existence of 
two fluids in a greater or less degree of combination, and 
such that the particles of the same fluid repel, and those 
of an opposite nature attract, each other. 

2. These fluids in iron bodies exist naturally in a state 
of combination and equilibrium till that state is disturbed 
by some exciting cause. 

3. But if a body already magnetic— i. e, one in which 
the fluids are held in a state of separation — be brought 
within the vicinity of a mass of iron, such os is supposed 
above, the concentrated action of each fluid in the mag- 
netized body will act upon the latent fluids in the 
quiescent body, by repelling those of the same, and 
attracting' tlioae of the contrary kind, and thus impress 
upon the latter a temporary state of magnetic action, 
which Vill remain only while the two bodies maintain 
their respective situations. 

4. The quantity of action impressed updn the iron 
body will depend, 1^^, upon the intensity of the exoitipg 
magnet ; upon the capacity of the quiescent body 
for magnetism, or the quantity of those fluids contained 
in it; and, upon the cohesive power of the iron ; 
which latter quality determines the depth to which the 
excltuiig i)aagtoet is able ^ disengage the! two, fluidiil. ' ; ' 

Th^ Case; namely, Of any mag- 
net, developing the magnetism in any 

given iron liOdy ; bOt the displacement occasioned by the 
magnetic action of the earth, or spheres of iron, is more 
limited in its results, and more susceptible of correct 
mathematical investigation. 

In this case, for instance, we may suppose the action 
to take place on every particle of the mass in liiiea parallel 
to ea^h other, and corresponding in direction with the 
dipping needle^ also, ihat every particle is at the same 
distance froOa the cOntre of the dietutbing ibree, attd 
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oonaequently, that the displacement in each particle is 
equal also. 

6, For the sake of illustra- 
tion, let ABED represent a m Fig/37* 
sphere of iron in its non^mag- 
netic or quiescent state, and 
let CM be the lipe on which 
the terrestrial magnetism is 
exerted from a centre of action 
M, which is at such a distance 
that the diameter of the sphere 
is inconsiderable in comparison 
with it ; then every particle on 
its surface, and to a certain 
distance within it, will be acted 
upon by equal powers, and in directions parallel to each 
other, whereby the fluids in the quiescent body, before in 
a state of combination, will be separated in each particle ; 
and the two fluids may now therefore be conceiyed to 
form two spherical shells A s B A B whose centres 
of action will be cc, their distances from each other being 
greater or less, according to the circumstances stated in 
No. 4. 



7- Therefore, in computing the action of such a mass 
of iron, in its temporary state of magnetism, upon a 
distant particle of magnetic fluid, Mr Barlow refers it to 
these centres, and assumes that the law of action in this, 
as in other oases of emanating forces, is inversely as the 
squares of the distance. 

By means of this hypothesis, Mr Barlow arrives at the 
following formula for the deviation A of a horizontal 
needle. 


Tan. 7 A 


C. 3r» 


M 2 (P cos* d 
where r rr radius of the iron spheres ; 


(2 X • cos. i) 
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d = the distance of the needle from the centre of 
the spheres $ 

X the complement of the magnetic latitude j 
/ the complement of the magnetic longitude ; 
d rz the dip of the needle ; and 

^ = 1*0689, a constant quantity for cast-iron balls 

and shells, of every diameter, and for all dis- 
tances and positions. 

From this formula it necessarily follows, — 

L That though the development of the magnetism of 
the spheres takes place by the hypothesis only at the 
sUt*£aoe, yet the effect, as shewn by the tangent of the 
deviation, is pro]f)ortional to the cube of the diameter. 

2, That the tangent of deviation is inversely as the 
cube of the distance. 

That the tangent of the deviation is proportional to 
the sine of the double latitude and cosine of the longitude, 
the latter being extended h*om the east and west points. 

These are the very laws which Mr Barlow had deduced 
from experiment, and he has established the correctness 
of his formula by comparing it with a great body of 
experiments made by himself and Mr Christie, and also 
witl^ observations od the dipping needle. 


Sect. II . — On the Action of Simple Iron Sars and 
Platee on the Magnetic Needle. 

As spherical bodies possess the peculiar property ef 
having their oentre of attraction in the centre of the mass, 
the former, beOomes a fixed point, whatever be the dis- 
tance of the magn^o needle. As IhU la not the case, 
however, with bodies of otbei^ forms, tooh as bars and 
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plates, Mr Barlow was desirous of ascertaining whether, 
in these cases also, the magnetic attraction of the body 
could be referred to the action of two centres indefinitely 
near to each other in the general centre of attraction of 
the surface of the body, namely, that point into which, if 
all the matter of the sur&ce were collected, its action on 
the centre of the needle would be the same as the action 
of the whole body in its natural form. 

In pursuance of tliis plan, he supposes A B to be a bar 
of iron, and C the place of the needle, and, letting C D 
fkll perpendicular on A B, he joins 
AC, m C, B C. He then finds the 
following expressions for the deviation, 

tan. A — A A being a con- 

stant quantity, I the longitude, m the 
force in the direction DC, and n the 
force in D A. In the experiments with 
which Mr Barlow proposed to compare 
tMs formula, the needle was placed due 
tost apd of the bar, tbe longitude 
of ita position was zero, and hence 
cos. 1= The formula, therefore, becomes 

tan. A = A — or tan. A ^ )i ^ ^ what- 

+ mn 

the distance of the needle or its position, 
Ub IdPgihade ; be/.a^^ .. , fbOowtng experi- 
ments yi/^ a bar 

twenty-fo>ik p q^airter square, 

inolin^ in tbe d^eotioh tbe dipping needle. The 
magnetic needle was placed to the. east and west of the 
bar, first opposite to ite pentre wi, apd^hen at eyery three 
Inches firbm the centre to the extremities, at the dij^tanoe 
of twelve and sixteen jnohes fVom the axis of Ihe^bai"^ 
The following were the results ^ 


Fig. 38. 
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Distance 

below 

Centre. 

ObseiTod 

Deviation, 

Value of 

K + «j)l 

Voluea of A. 

BH 

3 
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4 

25 
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9 

6 

45 
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12 

6 

0 
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3 

5 

20 
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6 

10 

0 




9 

12 

0 


18-45 


12 

11 

30 

» |BH 

17-54 
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These results Mr Barlow justly regards as a farther 
proof of the accuracy of the principles upon which his 
hypothesis is founded, and of his general deduction that 
the action of plain unmagnetized iron on a compass needle 
may be referred to two poles indefinitely near to each 
other in the common centre of attraction of the surface of 
the body. 

Mr Bonnyoastle performed another series of experi- 
ments with a plate of malleable iron twelve inches square 
and half an inch thiok^ and he obtained results almost 
equally accordant with Mt Barlow's hypothesis^ 


Sect. IIL — On the Action of IrregulaT Masses of Iron 
on the Magnetic Needle* 

M^. Barlow was next desirous of ascertaining if the 
^w which applied to spheres) barS) and plates, waa 
, true in ipregular masses of ron, such as a 524-‘p0Undeir 
an experiment peouJi^ly applicable to th^ object he bad 
in viewi, jSe foabyt^ of no attraction exited 

in the most irr^W maases of iron, the aglreement 
between the observed deviations produced by the gun, 
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and those calculated by his formula^ was such as to satisfy 
him that the same laws applied to irregular as to regular 
masses of iron ; and he was thus furnished with the means 
of computing the local attraction of a ship’s guns upon 
the compass under all circumstances^ and in all parts of 
the world. 

These views have been strikingly confirmed by several 
ingenious observationsi made, without knowing of Mr 
Barlow's labours, by Mr Lecount of the navy, with bars, 
handspikes, mast rings, and various other iron bodies ; 
from which he concluded “that a plane or circle held 
east and west (magnetic) and at right angles to the direc^ 
tion of the dipping needle, divides the north from the 
south magnetic efiSuvia, each lying on that side to which 
&e dipping needle points 5 and by referring the position 
ef all iron bpdies to this plane, the plane of section shall 
divide the two into north and south polarity,, provided it 
be of uniform thickness, or, if not, Ae section must be 
drawn through its centre o^’(g^vity) attractiop,.’^# , 

' a/ front ' 
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CHAPTER VIL 

ON THE INFLUENCE OF MAGNETISM ON CHEMICAL ACTION^ 

An opinion had long prevailed among philosophers that 
the phenomena of magnetism and electricity had a similar 
origin ; and hence various observers had been led, pre- 
vious to the discovery of electro-magnetism by Oersted, 
to inquire if any actions of a chemical nature could be 
produced by magnetism. 

The German philosopher Ritter was the earliest and 
the most active of these inquirers. He maintained that 
a magnetic wire, combined with another wire not magne- 
tized, produced contractions in a frog, the south pole of 
the wire-magnet producing stronger contractions than the 
unmagnetized wire ; and as he had constantly observed 
that the metals most susceptible of excitation excited the 
strongest contractions, he concluded that the south pole 
of a magnet has a greater affinity for oxygen than simple 
iroUi and the north pole a less affinity. Hence he 
led tb confirm these vievra by means of scfveiiEd 
re-agents. He plaib^ a magnetized Wii^ upon pieces of 
glass in an earthenware dish containing weak nitric acid, 
when he found that the south pole was more corroded by 
the acid than the other, and was soon encircled with a 
deposition of oxygen greater than that at the other pole. 
In another experiment he took two fiasks filled with 
tincture of tumsol, in one of which he placed the two 
south poles of two wire-magnets, and in the . other the 
north poles of twb similar magnets. In the last flask the 
oxidation of tiie wires was much greater than in the first. 

The difference in the oxidation of the south pole was 
exhibited by Ritter in another way. He took three small 

G 2 
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and equal bottles filled either with pure or slightly acidu- 
lated water, and having placed in one the south pole of a 
wire-magnet, in another the north pole, and in the third 
the extremity of an unmagnetized wire of the same 
length, he observed that the south pole first began to 
deposite oxide, the unmagnetized wire next, and tlie 
north pole last. In order to exclude the access of air, 
the surface of the water should be covered with very 
firesh oil of almonds i and as light aGoelerates. oxidation, 
hone df the bottles should be more exposed to the sun 
thah the rest. In support of this last observation, Hitter 
exposed two iron wires to the sun when placed in water, 
and having covered one of the bottles with black paper, 
he found that the wire in the uncovered bottle was 
oxidated more rapidly than the other. 

Ritter repeated the preceding experiment with the three 
bottles containing an infusion of litmus in place of acidu- 
lated water. The south pole reddened the infiision most, 
the unmagnetic wire less, and the north pole least of all. 
. A week is required to produce h distinct, effect ; and in 
drder evea to. effect this, Ritter found it, necessary to add 
as Utiich acetic acid as would indin^ the iniusion to red 
without completely changing its colour. ^ . 

The following experiment of Ritter, if correctly repl^ated, 
establishes the same result. We shall give it nearly in 
iis oW^, wofds ; Sixteen magnetic wires, of equal size 
apd whre i^ac^ed in six yessejs, all equally full of a 

acid and thlrty^six Water, 
in the following ihfinner: In the first were placed 
two wllres, one w^ith the north pble immersed in the fluid, 
the other with the soulh, apd hot mdre than half a line 
asunder ; in the second, the same^ but the wires inch 
ahd three-fourths apart i ih the third and fourth whrst^oh 
three wires, with the south poles of all immersed, but th^ir 
distances in the two glasses different, as in the first and 
second ( in the fifth and sixth were wires similarly 
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arranged, but with the north poles immersed. Different 
quantities of oxide were gradually deposited, and, to 
express the whole in a few words, we will call < the south 
pole S, the north polo N, their greater distance and 
their less and we will express the order of oxidations 
as follows : 

On the nineteenth day it was' observed that the loss of 
fluid by evaporation bad not been equal in all the vessels, 
but took place in the inverse order of the oxidations. 
All the magnetic wires were weakened in power ; NS^ 
least, more ; of the wires 3Sjo, two had lost less 
power than .the third \ and in like manner 3?^, 3Njo, 3N^, 
had eacl^ two left more powerful than the third ; the 
strongest were equal to NS^.” 

The next experiments on this subject were made by M. 
Muschman, professor of chemistry in the university of 
Christiania, who endeavoured to ascertain the effect of the 
earth’s magnetism on the precipitation of silver. , In his 
chemical course in 1817, when he was desirous of explain- 
ing the chemical theory of the tree of Diana, he took a 
tube like a syphon, and poured mercury into it, which 
accordingly occupied the lower part of the two branches : 
above the mercury he poured a strong solution of nitrate 
of silver. He then placed the two branches of the syphon 
BO that the plane passingthrough them was in the magnetic 
meridian, and after standing a few seconds, the silver 
began to precipitate itself with its natural lustre ; but it 
accumulated itself particularly in the northern branch of 
the syphon, while that which was less copiously precipi-' 
tated in the other branch had a less brilliant lustre, and 
was mixed with the mercurial salt deposited from the 
solution. Muschman and Professor Hanateen repeated 
this experiment in an improved form with the very same 
result. On this pccaaion they used simultaneously two 
syphons prepared in the same manner^ the one being 
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placed in the direction of north and souUi^ and the other 
in that of east and west. The silver began to precipitate 
itself in the direction of norih and and it particularly 

raised itself in the north branch with a lustre more brilliant 
than in the south one ; whereas in the syphon whose plane 
lay east az^d westy no change had taken place even at the 
end of twelve hours. Hence the two Norwegian philo- 
sophers concluded, with some reason, that the magnetism 
of the earth an infinence on the precipitation of silver 
from a solution of its nitrate ; and M. Muschman inferred, 
from the experiment, the identity of galvanism and mag^ 
netism. He regarded every dissolution as the result of a 
galvanic effect, the precipitated metal carrying off the elec- 
tricity set at liberty, and carrying itself, in order to be 
disengaged, to the place where it could find the opposite 
.electricity, which was the north pole* M* Muschman 
considered this hypothesis confirmed by the geological 
feet, that at Kdnigsberg silver was found in the metallie 
form, stretching from north to sopth ; and the preaence of 
silver is always indicated by a certain <][oantity pf pyritei^ 
and blendes, . Hence he conceiyed that the silVer. bad 
IfeCa n^neibly ntiited to sulphnr, and that by the effect of 
the earth’s magnetism alone it had been carried towards the 
copper and the zinc. 

M- Fresnel made a series of experiments with the view 
of <4o6mposing water by the magnet. He proposed to 
produce an electric current in an electroTmagnetio helix 
endosing a bar-magnet covered with silk^ The two en<fe 
of the wire were plunged in slightly acidulated water, and 
he observed very decided effects ihut tber^ were so many 
anomalies in the result, which he could not explain, that 
he abandoned the inquiry. He was particularly struck , 
with 1 the fact that the wire which should be the positive 
one was strongly oxidated, whilst the other extremity 
preserved its metallic lustre during a whole weeje. The 
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negative extremity was covered with a saline deposite, 
which he conjectured to be sulphate of lime, and which he 
supposed had protected the wire from oxidation. 

M. Erdman, after a very elaborate inquiry into the 
effects of magnets as chemical agents, came to the conclu- 
sion that the observed phenomena were due to the influence 
of other causes, which had not been sufficiently guarded 
against. 

A curious fact, connected perhaps with the class of 
phenomena under our observation, was noticed by 
M. Lebaillif. He observed that the poles of a magnetic 
needle delicately suspended were repelled by pieces of 
antimony or bismuth that were brought near them. 
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CPAPTER VIII. 

ON THE LAWS OF THE MAGNETIC FORCES, THE MUTUAL 
AiJTION OP MAGNETS, AND MAGNETIC CURVES. 

Sect. On the Law of ^ Magnetic jPorce* 

In our history of magnetism we have given very fvil 
details of the various attempts which were made by philo<< 
sophers to determine the law according to which the 
^teiudity of the attractive and repulsive power of magnets 
Varied with the dietance at which these forces were exerted. 
Like all other laws, an approach to the . discovery of it had 
been made by various philosophers $ but the merit of its 
per&ot establishmeat undoubtedly b^ongs to Dr Robison 
jand t^i^ipb, the last of wbbm placed U the reach 

11^ 'Thn dJitiiciiUleB which v^ere to be overcome in 

thijs^ aro^ iVom the invariable co-existence of two 

opposite polarities in each of the two bodies whose mutual 
action was under examination ; and this difficulty was 
increased from these polarities not being concentrated in 
parUouIar points, but diffused in an unequal degree over 
each half of magnet and the needle. 

Ik this delicate inquiry Coulomb employed two 
methods. In the first he suspended a magnetic needle 
by a silk fibre, and when it was in the magnetic meridian^ 
he presented to it at different distances another magnetic 
needle, and determined by observation and osculation the 
force wLffi which they acted upon each other at. these 
dlptances* A needle an inch long, weighing seventy 
Doagnet^ was susp^n, died by a 

longi and; a steel wke magnet 
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twenty-five inches long was placed vertically in the mag- 
netic meridian at different distances, so that its south pole 
was always ten lines below the northern extremity of the 
suspended needle. The needle was now made to oscillate 
when the magnet was at different distances from it, and 
the following were the number of oscillations in 60", the 
number being fifteen when the magnet was removed, 
and the needle influenced only by the magnetism of the 
earth. 

Distance of a Wire Magnet from Number of Oacillatlona 
tbo middle of the Needle. in OU'. 

4 inches <....41 

8 ditto ^....<24 

16 ditto 17 

By means of the formula for the pendulum, in whicli 
the forces are in the direct ratio of the square of the 
number of oscillations performed in the same time, Cou- 
lomb has computed their intensity. As all the forces 
concerned are in the plane of the magnetic meridian, the 
force which produces the horizontal oscillations depends 
on the parts of these forces which arc decomposed in a 
horizontal direction. Now, Coulomb had demonstrated 
that the magnetic fluid might be considered as concen- 
trated At a point ten lines from the exti^emlfy 6f the w^re- 
magnet ; but as the siispended needle was one inch long, 
its north pole was attracted at the distance of three and a 
half inches, and its south pole at the distance of four and 
a half inches, so that four inohes was the mean distance at 
which, in the first experiment, the lower pole of the wire- 
exerted its aotion on the two poles' of the needle. 
In tfie s^bond estperiment the mean distance 
Inch^i the horizontal fbroe which the 

bipciilti^oiiiH ielhe square Of iihe niaaberrpeMISilb^ 
the earth and '^e com- 
bined fovbiBs of the Witt> 

sBbond, and third exjpet’imofitb, be'4lV^^*> and 17*, 
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SO that the foirces 'which emanate fVom the wire-magnet 
will be 41*- — 15*, 24* — 16*, 17* — 16 *, whence we deduce 
the following results : 


Mean Distance. 

experiment 4 inchesi 
2d experiment 8 ditto . 
3d experiment 16 ditto.. 


Force depending on the Action 
of the Wire-magnet. 

41*— 15* =1466 

24* — 16*= 361 

17*— 16*= 64 


The distances in the first and second experiments being 
as one to two, the variation of the force would have been 
exactly as the squares of these numbers had the force in 
the second experiment been 364 instead of 351 s and the 
same would have been the case had the force in the second 
and third experiments been 332 and 83, instead of 351 
and 64 . This difference, therefore, requires to be inves- 
tigated. Coulomb has accounted for it, and calculated 
the correction for these numbers in the following manner. 
In the experiments the action of the superior pole of the 
wire-magnet was neglected. .The distance of its inferioi* 
pol^ &om liie centare of the needle was sixteen mdhe^, and 
the distance superior pol e ffrom the centre of the 
needle is nearly -v/(l 6 * + 23*), so that the force of the 
former is to that of the latter nearly as 100 to 10 . Hence, 
as the oscillations of the needle are produced by the action 
of thes^, two poles, which exert their force in opposite 
direotiotis, the square of the number of osoifiaticne which 
the single action of the inferior pole of tho Vo^d 

produce should be dihiinished by the oppdsifeactlon 

of the superior pole ; so that 64 is only the excess of the 
real amount of the single action of the lower part of the 
magnet over 3 ^ tbs of the number which represents it; 
The true value will therefore be 79. The true intensities 
of the forces will, at the distances 4, 8 , and 16 inches, be 
1456, 351, and 79, or nearly in the inverse ratio of the 
squares of the distances. 
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M. Coulomb has in like manner demonstrated, that the 
repulsive force of similar poles follows the same law of 
the distance. 

The second method employed by Coulomb requires the 
use of the magnetic balance, which is represented in figs. 


89 and 40, which 
is a modification 
of the torsion 
balance already 
described in our 
article on Elec-* 
TBioiTY. The 
suspending wire, 
a & fig. 39, carries ^ 
at its lowen ex- 
tremity a pair of 
pincers o, which 
holds a stirrup 1, 

3, 8, formed of a 
plate of very light 
copper. In this 
stirrup is placed 
a small piece of 
card p 9 vere 4 with 
a coat of Spapiph 
wax, on whidh 
is impressed the 
mark of the wire 
or bar of steel jSN 
to be used, in 
order that it may 
always be pat in 


Fig. 39. 





the eame position., Under the middle of the stirrup is 
fiked a vevtiOal plane PP, wholly immersed in a vessel 
Vy of waters the, resistance of which may quickly stop the 
oscillations of the needle or magnet SN in the stirrup. 
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When fitted up for the experiments under our oonsidera-* 
lion, the apparatus shewn in fig. 39 is placed in a square 
box AB, fig. 40, three feet wide and eighteen inches high. 
At the height of nine inches above the bottom is placed 
a horizontal circle of wood or copper, two feet ten inches 
in diameter, and divided into degrees. On this box is 
placed a cross piece CD, which supports at its middle 
point a tube EF, thirty inches long, and terminating in a 
torsion micrometer at M. The pincer of this iniorometer 
holds the upper end of a brass wire, to the other extremity 
of which is adapted a ring of copper intended to carry a 
steel needle. 

Before the commencement of the experiment, the box 
AB is placed so that the direction of the magnetic meri- 
dian passes through the division zero and 18° of the 
horizontal circle- The next step is to place in the stirrup 
a well-magnetized steel needle NS, of a rectangular form, 
and to adjust the torsion micrometer M, so that the 
torsion of the wire is nothing when the needle MS is in 
the . magnetic meridian, or that the magnetic meridian 
pa^es through the zeio on the scale of the torsion micro- 
metef« In the direction of the magnetic meridian, a 
vertical ruler of wood or copper, one or two lines thick, 
is fixed, so that the end of the needle may come against it 
when it is in the magnetic meridian. 

Qo^lqmb now took two wire-magnets, twep^y<-four 
ino^9 long and one and a half inoh in . dia^nrieheir, a^ ,he 
placed one of them in the stirrup, as 
mined the force with which the nia^a^tis^ of the earth 
drew it back into the magnetic mei:idian. ; For this pur- 
pose he twisted the suspending wires through two 
circles or circumfef ences minus 20°, till the needle stopped 
magnetic meridian, so that, considering the 
, i ydportional to the arcs (when the angle 

; were necessary to keep 

f one degree out of the tnngnetio 
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meridian* The tvro cu'cles of torsion minus 20° are equal 
to 2 X 360° — 20 = 700®, the degrees of torsion 
required to keep the needle 20° out of the magnetic 
meridian; or 700° of torsion, are a measure of the directive 
force of the needle when 20° out of the magnetic meri- 
dian. For any other number of degrees, S, the degree of 
torsion necessary to balance the directive force will be 

700 because the directive forces are proportional 

sin, 2® 

to the sines of the angles. But at 20° the angles may be 

substituted for the forces, and we shall have. ^ = 353, 

20 

that is, as we stated above, 35° of torsion will balance the 
directive force of the needle when one degree out of the 
magnetic meridian. Coulomb now placed the other 
similarly magnetized wire vertically in the magnetic 
meridian, so that if the two wires had been prolonged, 
they would have met at the distance of ien lines from their 
tetremities, the point where the magnetism of each acts 
as if it were concentrated there. He placed the similar 
poles of each opposite to each other, and consequently the 
horizohtal needle or wire was repelled out of the magnetic 
meridian ; and it took a position at which the foree' of 
ifepulslpn olf this irerfioal needle oi^ ^iras , fealfluceid by 
the uhi^ ^irces of torsion aod the earth’^ m^netism, 
which tedded to brin^ the horizontal wire to rest The 
following results were obtained after different trials ; 


Girdes of Torsion given to 
the Suspending Wire by the 
' , Tor^bn Micrometer, 

0 

. 3 


Ohseiyed Aisles 
of BepnlsiQiL 

24 

17 

12 


!NFow, in the 6^t experiment, the angle through which the 
horizontal wire was repelled was 24°, reckoning from the 
zero of torsion ; and when it rested in this position, it was 
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driven towards the zero by a force of torsion of 24P plus 
the directive force of the earth's magnetism, which being 
36° for every 1°, amounts to 24° x 36° == 840°. The 
total repulsive force was therefore 848° + 24° 864°. 

In the second experiment the torsion micrometer was 
turned round three circles in a direction opposite to the 
24° first produced ; but notwithstanding this great torsion, 
the horizontal wire-magnet, repelled by the vertical one, 
returned only to 17° from the magnetic meridian. The 
force of torsion was therefore 8 circles + 17° == 1097° ; 
but the directive force for 17° is 17° X 35° = 595°, 
hence we have for the total repulsive force 1097° + 595° 
= 1692 °. 

In the third experiment the torsion micrometer was 
turned round eight circles, and the wire-magnet stopped 
at 12° from the magnetic meridian. The force of torsion 
was therefore 8 circles + 12° =z 2892° ; but the directive 
force for 12° is 12° X 36° = 420°, hence we have for the 
total repulwve force 2892° + 420°=: 3312° ^ 

the aVos of rei^ulsion ,^re in so 

.smAll, pay Reckon th^ equal to their , chbrds, 
dM we ^ta:ta the following results : 


CoireBponding Hepuleiye Fotocb 
in DogreoB of Torsion. 
3312° 

1692 
,864 

Assuming 3312° as correct, the other numbers ought to 
have been 1650 and 828 instead of 1692 and 864, if the 
force varies inversely as the square of the distance. The 
differences 42° and 36° correspond nearly with a degree 
of error in the observed position of the moveable steel 
wire, since the directive force is 36° for every degree of 
deviation from the magnetic meridian. Such ^xx error is 
certainly a very small one in experiments of this kind, 


Distances at which the Hepvl- 
sivo Force is everted, 

12 

17 

24 
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and we therefore conclude that thh attraotive and repul- 
sive forces of magnets decrease as the squares of their 
distances increase. 

Had the experiments been made upon magnetic pointS) 
such an error would not have existed ; but they were made 
with forces diffused over portions of the wire-magnet of 
some extent. In the last experiment (M. Biot remarks) 
** when the two wires were nearest each other, the influence 
of the points lying near the intersection was more weak- 
ened by obliquity than in the other experiment j or, in 
other words, there were at equal obliquities more points 
which noted in the greater distances (24 and 17) than in 
the smaller one (12.) But as wo did not take this aug- 
mentation into account, we ought to And that the repulsive 
force observed at the smaller distance, being reduced in 
the ratio of the square of tho distance, gives for larger 
distances repulsive forces a little more feeble thau those 
which were actually observed. 

In the first method of observation, Coulomb was obliged 
to calculate tho effect of the distant pole ; but in the 
present method tliis was unnecessary, as tho wire-magnots 
were two foet long, and the greatest arc of repulsion, viz. 
24®, corresponded to a distance of five inches between the 
repialUng poke. The other ppleil w;^'e theretbro ^ 
fqur tlifites luoee illlsWt than, those i^pse r^Isive aotion 
wan Gaktdated ; t^elr direct action Was therefore sixteen 
times weaker, besides being greatly weakened by tho 
extreme obliquity with which it acted. Had the wire- 
magnets been shorter, the action of all the poles might 
taken into consideration. 


Snot, it — On ihe MtUual A(?Hon qfMaffnets* 

We have already seen, from Professor Barlow's experi- 
ments on spheres and of soft iron, that they act upon 
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needks, whether temporarily or permanently magnetized, 
as if their magnetism emanated ft'om the centre of their 
surface, or from two points indefinitely near to each other. 
This, however, is not the case with permanent magnets, 
in which the magnetic force is concentrated in poles con- 
siderably distant from each other. 

Case 1. When the needle or a small magnet is placed 
in the line joining the poles of the other magnet. — In 
considering the mutual action of magnets, we shall 
suppose the larger one N S to be fixed, and the smaller 
one to have the form of a needle, moveable in a hori- 
zontal plane round the 
pivot in its centre A, B, Fig. 41. 

or C- Let the needle jj, 
then be placed at A, with 
its centre A in the line 
S N prolonged, and let 
us suppose that the mag- 
netic forces emanate from 
points NS j being the anal-ogotis pdka ofth^ needtef 
Tl^nortlLfH^ of the ma^et autaeis ' pole s 

of the « foi!ee inversely proportieiml to the 

square of N and repels the north pole 9i with a force 
inversely proportional to the square of N n. The effect of 
both of these forces is to bring s as near as possible to N, 
to remove n as far as possible, that is, to place the 
needle in th^ san^ straight line as N S, as shewn in fig. 41. 

, Case i. XM the meedle n a be now placed at B, so that 
its centre ^ is axiyt^here in the direction of a right line, 
M B, perpendicular to the middle M of the magnet. 
When the centre of the needle is placed above M, it is 
quite clear that it will stand with its north pole n towards 
the south pole S, of the magnet, and its south pole $ 
tdv^aads the north pole N. When the needle is removed' 
to B, the same thing will happen ; S will attr^t a 
force equal to nh, while N repels n with pi fbTOttffie, a 
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little lees than nh, on account of the increase oF ^stance. 
The reault of these will be the force n <i„ iii the diagonal 
of tlie parallelo- 

gram noal. In Fig. 42. 

the sanie manner, 
the pole N will at- 
tract s ■with a force 
c Si axi d the pole S 
Will repel 5 with a 
less force fsj the 
resultant of which g 
\s s^ * but as the 
poles S N are 
equally strong, 
and act at equal 
distancesupon the 
needle, the resulting force an must be equal to p s, and 
the needle will remain in that position which is parallel 
to the axis SN of the magnet. 

Casb 3. When the centre of the needle is placed in an 
intermediate position, as at C, fig. 42, neither in the axis 
NS, nor in the perpendicular MB, it will take an inter- 
m'ediate position, which may be thus found. Its north 
pole n is shewn ip the figure as directed to the centre M 
of th:© Iiiagi»e* i* cannot remain in- this position ; 
N tielbels *» With a force equal to no, and S attracts it with' 
a force nt smaller than no, from the greater distmee. 
The Tosultant of these is na, which is very different from 
ns. For the same reason, the south pole s, repelled by S 
with (B. ibree and attracted by N with a force se, will 
have a tendency to move in the direction sg, nearly equa^ 
atjd' otoposite to each other ; it will therefijre take a posi- 
tion OTJsv flg. 42i nearly at right angles to, ,itj ^a;Pos^ 

tion. It wSl Teatiitetefore in its now ilorition, with its 
nortl;! pole tCwwdtf Kf, and its aonth polsi townriH S , 

IP we pcojeo* upon patjar the magaet ,apd the needle 
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plao^wj liMferent positions^, aud make the forces of each 
pole off die maguet on each, pole of the iieedle inversely 
proportional to the square* of the distances, U ,wiU bo 
easy to find tho position in which the poodle ufUl rest ,at 
any distance from the magnet, and at any position of its 
centre, with regard to the axis of the magpet. , 

When a needle is exposed to the oombitte4 action of 
two magnets, as shewn in the annexe*^ 6giire^ ,^e, phonO” 
mena, though capable of calculation by the .prinpiplos 
airaady. explained, are extremely perplexing apd/coropli- 
when studied experimentally., Dr Robison, who 
first discovered and expltnned these phenomenal has given 
such an interesting account of them, that we shall make 
use of his description of tlie phenomena, leaving the 
explanation of them to the next section, , on magnetic 
eurves. 

Fig. 43. 
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Ihe same manner as the great magnets. Happening to 
set it off to a good distance on the table, as at he was 
surprised to see it immediately turn round on its pivot, 
and arrange itself nearly in the opposite direction. 
Bringing it back to D, restored it to its former position. 
Carrying it gradually out along DF, perpendicular to 
NS, he observed it to become sensibly more feeble, 
vibrating more slowly ; and when in a certain point E, it 
had no polarity whatever towards A and B, but retained 
any position that was given it. Carrying it farther out, 
it again acquired polarity to A and B, but in the opposite 
direction ; for it now arranged itself in a ‘position that 
was parallel to NS; but its north pole was next to N, and 
its south pole to S% 

This singular appearance naturally excited his atten- 
tion. The line on which the magnets A and B were 
placed had been marked on the table, as also the line DF, 
perpendicular to the former. The point E wits now 
marked as an important one. The experiments were 
interrupted by a friend coming in, to whom such things 
wore no entertainment. Next day, wishing to repeat 
them to some friends, the magnets A and B were again 
laid on the line on which they had been placed the day 
before, and th4^^ii*^le Was placed at £, expecting it to 
be peufra(. [ was found to have a considerable ver- 
tlcity, buitfSiiig its north pole towards the magnet B ; and 
it required to be taken farther out towards F before it 
became neutral. While standing there, something chanced 
to joggle the magnets A and B, and they instantly rushed 
together. At the same instant, the little magnet or needle 
turned itself briskly, and arranged itself, as it had done 
the day before, at F, quivering very briskly, and thus 
shewing great vertiolty. This naturally surprised the 
beholders ; and he now found, that by gradually with- 
drawing the magnets A and B from each other, the needle 

11 
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then became neiotral, and then tariucd 
isound 0 |j its pivot, and took the contrary position. It 
waa refy amusing to observe how the simply separating 
tjbe magnets A and B, or bringing them together, made 
the i^edle assume such a variety of positions, and degrees 
of vivacity, in each. 

The needle was now put in various situations in 
respect to the ^^wo great magnets; namely, off at aside, 
and not in the perpendicular DF. In th^e situations it 
took an inconceivable variety of positions, which could 
not be reduced to any rule ; and in most of them it 
required ouly a motion of one of the great magnets for 
an inch or two, to make the needle turn briskly round on 
its pivot, and assume a position nearly opposite to what 
it had before." 

In the preceding observations, the action of the one 
magnet tended only to change the direction of the other, 
and this change is clearly produced by the sum of the 
actions of the two poles of the magnet for -while the one 
pole tends t(r:dFaw the one ^If of the. needle inlp its 
pbjBiMon, q£ <i/qp]|libnumi the other pole repels, the other 
half into &e same position. The force, therefore, which 
thus acts upon a needle, is called the direciive force of a 
magnet 

The attractive force of a magnet is, on the, other hand, 
.^e di^enoe of the two forces esopl^d by its 
pidw fQiHsm happen ^to 

i|iB a^tEa<ifciv»e the 

needle wiH h&ve^ no >t^denoJr t 6 ^appi 7 ed<^ magnet, 
though the direetiyo power of ihh iattar may be very 
great. This will be uniderstood from dgr 42, when the 
needle ns is at right angles to the axis of the rnagnet* 
The attraction of the. pole N for « is equal to ita repulsion 
of K, and these two forces will neutredize each otiw, sa 
as to ppcvept any tendency. to approach. ^ eveni# ^ 
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needle wem to do it On the other hand, in 
Bg. 41, where the needle at C has its sooth pole s more 
attracted by N than its north pole n is repelled by it, the 
predominance of the attraction would cArry the needle 
towards N if it were at liberty. These views explain 
the welUhnown fact, that a needle floated on a piece of 
Cork quickly places itself in the magnetic meridian ; but 
it never will ’ approach the north side of the vessel. In 
order to explain this fact, Dr Gilbert assorted, that tho 
directive power of a magnet extended much farther than 
its attractive power ; a mistake which arose from his not 
having observed the effects of the simultaneous action of 
^he fbur po^is; of ^he ntagnets which acted upon each 
Otheiv ^ ■ 


' Sect, On Maffneiic Ctercea. 

The name of magnetic curves has been given to those 
curves into which an infinite number of very minute 
needles wonld arrange themselves when placed round a 
magnet, and at liberty to move round an axis. A mde 
idea of ihelst^ cufves is given by the appearance of iron 
filing" wh^ aoatiered npon a sheet of paper, and agitated 
irnmedfatiM^ a iniagt^.> 

The altftiCh of a maignet upon a needle is ^greatly sim- 
plified when the needle is so small that its two poles may 
be considered as t?oinoident 5 in which case*the difference 
between 'the action of any one pole of a magnet upon 
be iufibiiely small. When this is the case, the 
'^ractt^»lbro|$‘ 6 f the^magzYet upon the tmall heedlemo^t 
be vcty'dausMetable^* While the attractive 'force, coCasuved 
by fte'dllferdn^bf Ao ^06 on the tWvpolefej h nothing. 

it%thAi'blettC'Wiiloh is cMcbl^dr fti the anunge- 
nient Cf m4hu4e^’ime<9es^'(>t to the 

action of a magnet. 
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'* Ait ?Bv^«Btigation of the force of the magnetic clirve* 
by, Professor Playfair, at the request of Pro* 
feasor Robison. Professor Leslie afterwards undertook 
the ^ same investigation;* and Dr Rogetj has more 
recently given a more simple demonstration of the two 
fundamental propositions respecting them, and has de* 
scribed an; instrument which he has invented, for the 
iB«chan«ca]i description of these curves^ Mr i Playfair’s 
iny^tigatiob^ which is ’ sufficiently simple* is as , follows* ; 
i}3)9! only ‘ change which we have made upon it being the 
substitutlq& of the second power of the distance for the 
with powor as used by him. 

Prop. Two magnetical poles being given in position, 
the force of each of which is inversely as the square of 
the distance from it, it is required to find a curve, in any 
point of which a needle (indefinitely short) being placed, 
i):s direction, when at rest, may be a tangent to the curve. 

1. Let A and B be the poles of a magnet, C any 
point in the curve required ; thervyr® may supppap thc opc 
of these po^es to act on^ , ’ : , Fig, 44, ' ' 

tlx^. only. 
pulsion, and the other 
only by attraction, and 
the direction df the 
needle ‘^hen iat , rest 
wUl^ W 'fthe diagonal 
ujfi the 

sides of ,whicU represent these forces., Jbavipg 

jqined AC and RC, let At) be drawn parallel' to B C, 

and = A C ; AD ; join C D, then CDF 

will touch the curve C. , 

, i ' 

i'. ' ' ■ /i ' ' 

* Oeoimirtcai Analifsit, . , . 

'f 'ti'oumid of HU ' Royal IraliUUion of Onat Rrilain^ yoX, t p, Sli. 

1881. 
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2. Hence, an expression for A F may bo obtained ; for, by 
tbb 'oobstruotioD, A D = ; and since B C A t) = B F : 

and BrC — AD: AD= AB : AF, we lave AFs= 

xAC? 

( . 

■' ** 3* A flaxionary expression for AF may also be foUud 
in terms of the angles C A B, AB C. In CF take the inde- 
finitely small part CH j draw AH, BH, and &om C draw 
C L perpendicular to A H, and C K to B H ; draw also 
B G and AM at right angles to F H. Let the angles CAB 
= <p and C B A =s *4/, then C AH =: p and C B H — \p ; 
also C t=: A C X and CK=: — B C x 4'- Now HC 

sCJL, — AC:AMzr f j and fhr the same reason 

HC ,, , 

B G — Therefore, since AF: FBri^AM 

1 • ' H C / , ' 


:B C3-,wehaveAF:FB = ^-2^: — Md 

H C H C 

A ^ s A B rr sin. 4^ p — sin. 4® p — ^ sin* p* 4 5 where- 

fore, if A B = a, A F =!: —again. 4^ ^ j' 

4' ain. p* +, p oin.,*^., 

4, If .this value of A.F be pq^ equa] tp that aheady 
found, a fluxionary equation will be obtained, by the inte- 
gration of which the curve may be coustrupted. Because 


, f 


BC»— AC _ 8in.(p4.-4,) ’ ' 

* we have by substitpijloiaf ^ f 

ct sin. ^ a P slii, 4^ ' ■ '"Vi ' ' 

' I 1 , ' *■ / ' -Tx ^ " -T — I . ^ Hence, 

sip. ^ 4* , . . 4 sia- p" + P 4* 
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+ <p sin. 4^*, and therefore 4^ + p sin. p = 0, and 
cos. p + cos. 4^ — 

« 6. Hence, if> beside the points A and B, any other 
point be given in the curve, the whole may be' described. 
For instance, let the point E be given in the curve, and 
in the line D E which bisects A B at right angles. De- 
scribe from the centre A a circle through E, viz. Q.ER, 
then AD being the cosine of DAE to the r^lns A E 

Fig. 46. 



the Slim of the cosines of p X '4^ Will'b^ 

the same radius) =r 2 A D = A B. Thereforej Iq ftnd 
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E', the point in which any other line A N) making a given 
angle with A B, meets the curve, draw from N the point 
in which it meets the circumference of the circle QEK, 
N O perpendicular to AB, so that A O may be the cosine 
of N A O, and from O toward A take O P = A B, then 
A P will be the cosine of the angle A B E' j so, to find 
B Ei'f draw P Q, perpendicular to A P, meeting the circle 
in Q, ; join A d, and draw B E' parallel to A Q, meeting 
A Ey in E' ; the point E' is in the curve. In this way 
the other points of the curve may be found. 

“ The curve will pass through B, and will cut A B at 
an angle of whicli the cosine zz E B. If then E be such, 
that A E z= A B, the curve will cut A B at right angles. 
If be more remote from A, the curve will make with 
A B an obtuse angle toward D ; in other cases it will 
make with it an acuto angle. 

A construction soxnewhat more expeditious may be 
had by describing the semicircle A F B, cutting AE in F, 
and A E' in N, and describing a circle round A with the 
distance A L =r 2 A F, cutting A E' in 6. If B G be 
applied in the semicircle A F B = N B G must cut 
A N in a point E' of tlie curve, because A N + B G = 
^ A F, and A N and G B are cosines of the angles at A 
and B. ' \ 

^ Am lilies A N and B G may be applied either 
above or below A B, there is another situation of their 
intersection E'.. Tims Aw being applied above, and 
belQW, the intersection is in e\ Tho curve has a branch 
extending below A ; and if D e bo made = D E, and B c 
be drawOf it will be an asymptote to this branch. There 
Is a similar branch below B. But these portions of 
curve evidently suppose an opposite direction of oxks bf 
the two magaetio forces, and therefore have no connection 
with , , .j „ x) ^ 

- '• 1 r*“'; ^ yj-.. 

* Robisott's Mac&mitttl rol iv* 3A0-.3. 



T^e gjp^eral/form of tfie magnetic curves is s.Uev^ ift 
fig. 46. wher^hey are seen , - , ,1 ; 

converging to the two poles , Fig* 46. 

N S of the magnet N S, 
and cbanging their form 
with their distance from 
the magnet. 

We hare already stated 
that iron filings, arranged 
by the action of a power- 
ful magnet, afford the finest 
experimental illustration 
of tlie magnetic curves. 

The best way to do this is 
to stretch a sheet of paper 
tightly over a wooden 
frame, and place it horizontally immediately above a 
powerful bar magnet lying on the table. Pipe irpn filings 
are now to be shaken through a gauze bag upon the siirfaoe 
qCjtJ^ papfjV? When, the ®qg8 weth^;QWfl S^o-a otat^pf, 
j^U^tiojar ^y gently tspi^lng .upon ,t]be, they 

thecal ype into regMW e'tre^h^ag firpm 

one piole of the magnet to the qther, and followuig the 
course, of the magnetic curves, apd exhibiting then;i 
beautifuHy to, the, eye. This eflect is shewn in the annexed 
wheire N ^ pre the pplos . 
qf;^the,pa^ignet,N^,^, ,^« bping 
jpe.ap Upe yfjf^eve, no, filings 
adbpre. ;|VThp grange;, 
ment is also produced when 
the magnet is beld, above the paper ■ containing thq 
filings. M ' ■</,,, 

In the case of induced magnetism, tha atee] ^^i^, 
arrange themselves in curves round the irop pn.whi^ th^ 
magpetism is induced, ap shewn In 48; 

ho^ of irc^ ls,in c(^n tact, with thp pprtfa^'^e;j!N!^ 
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Fig. 49. 


a fhc 'iileka liUe 

which* separates the two opposite 
actions of the liltlc Iron bar. Wheh 
the little bar of iron is placed at a 
distance from the magnet N, as in 
fig* 49^ the filings arrange them- 
selves as in that figure, m n being 
the mean line as before. 

Dr Eoget has given 
the following interesting 
account of the phenomena 
which take place by con- 
tinuing to agitate the 
filings wh6n they are ar- 
ranged as ih figi-50.- 
“ By continuing to tap 
upon the pap^/’ says he, 
filings arrange them- 
selvei^ ’still rii'ot*e visibly 
into separate lines ; but here a curious and pierhaps 
unlooked-^t phenoihenon presents itself. The linos 
gVaduaWy Wdve and recede from the magnet, appearirig 
ahif 'Hi^y^rO' i'epell^d instead of attracted, 4s thbojiy 
ei^ot. '^^is nrises' l^in the oiyotiiii--^^ 
cluster '6f pafififeWsi IS 
thrown up into the air by the khakihg'dr the jpaper, iud, 
while unsui)|ioi4^cl, immediately turns on its dentre, and 
acgflti|;og^^,posUipn more or less dblique to the plane of 
in fig* 50} In which M 

,seh«s a section of ‘ > 

ilbS ''’'Fig; 50," 

sectiwi qffteiMlP^ >' ' 




\ \ 1 / 




Mh fikifo ttif eich filaWdWl? 

ibwhwoWtS, 
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and the* filament falls upon the paper at a i)oint a little 
more' distant than that which it before occupied? and 
thus, step by step, it moves farther and farther from the 
magnet, till it reaches the edge of the paper, and falls ofP. 

« When the magnet, instead of being beneath the 
paper, is held above it, the effect is just the reverse. In 
tl^is latter case, the lower ends of the filaments having a 
tendency to turn towards the magnet, the filings gradually 
collect under it, when made to dance by the vibrations of 
the paper, instead of falling outwards as they did before. 
This will be seen 

from fig. 51, where Fig. 61. 

the letters have 
the same in- 
dications as in 

the preceding fi- ^ ^ \ 

gure.'** 

A different set of magnetic curi 3ed when 

two simiWr poles, 

ibr‘ exarnple two ' i ^ Fig. 62* 

' no:3rth ipl^es, 
shewn ijA tb^ 
nexed figure, are 
placed near each 
otheri These 

'■ &ii|‘ 

’ filibga ' tike the 
convergent ondi: 

Dr Rbget He/s gi v'eu’; ihe following eipeMtibus method 
tit delineatibg a gi^eat nuihbe^ of Tokitecl 

to the saihh dist^^' the' two’^fitaguMd pbles; 





1 - “ ■ ' 

J^Airy cf arh il 
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desoribe3.lFOi9. each pole N S, as centres, the equal of 
circliBs or seou-circles A A, B B> with as large a radius as 
tha paper will allow ; aad dividing the axis prpduced till 


Fig. 63. 



It mceti^ bdth circles, hemarlp ofli on, ttc^circuinferehces 
ef both cirdes, the i^hts wltere they ^ure cut by perpen- 
diculars from these points of division; then^ drawing 
radii from the centre of each circle to the divisions of its 
respective circumferences, the mutual intersections of 
these radU wUl give dlHecent sets of. points indicating the 
form, of the magnetic curves which pass through them. 
These curves are, in the present case, composed of a 
(Succession ofs diagonals of the lozenge-shaped interstices 
formed by intai^cting radii) as shewn ii'om convergent 
curves in the upper half of the figure. In the case of 
divergent curves in fig. 52,. we. iuust take the other diago>« 
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loveoig^haped iiiitery^ak 3beitween't^^ 

isi*,the( dmgQnala which "croBd -thdB® 
coDstitutiog the convergent curves. Tbie is shewn ’iit 
th^lCTwer half of the figure. <i ' 

t5. "Sphe curves which are formed when the north and 
south , poles of two magnets are placed near each other, 
a/S lining* 43, enable us to hxploln the phenomena dis-^ 
covered by Dr Robison, aod described in the preceding 
sft^JSiOB. ,'i Tho following is the explanation giveer by that 
e^ainent philosopher. (See fig. 43 j) 

NEL, be two magnetic curves, belonging 
to A ; that is, such that the needle arranges itself along 
the tangent of the curve. Then the magnet B has two 
curves SGK, SEIi perfectly equal, and similar to the other 
twoi- , Let the curves NHM, and SGK, intersect in C and 
F. / iLet the curves NEL, and SEI, touch each other in E. 


, “-The .needle being placed at C, would arrange itself ia 
the tangent of the curve KGS, by the action of B alone, 
ha^Tiinj^ itS'iu^h pole turneddoward the souAh polei S of B« 
A.&lone, it' wenld^^lid a tau^ent ta 
ittiroed awBiy Aom 
aetioniof both maghets, 
4^/naiAh<Br of these positions, but an intermediate 
oujeteeaaly ^bisecting the angle formed by the two curvesj 


its north pole turned toward B. 

;®i^tedle^4o by tlire^cttohi of 




WSliiibdtiv 


By eheir 


iliet the noecjle ba 
the- ibagneti A, t4 
NEL, i with ite north. pol» 
Ba^ by tiie action of B, it wUl-be a ta*4 
Daran4)caa)pji)ijS t iuff t4|t. DiifftTheso. 
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actu^Ds^ Wing:iBoii(i 08 ed'^ eqaal and opposite, ^ it' will bav^ 
aOi yevticity^ or. will be neutral, and retain any' position 
that ia* given to it. -- ;■' 

“ The curve SEI intersects the curve NBM in' P' and 
Qi, The roasCning shews, that when thb^tieedie is 
plaeed ftt.P, it will arrange itself with its north pofedil 
the angle SPH ; but, when taken to Q, it wilb stand with 
its north pole in the angle ECIM. < ' ' ' 

From these facts and reasonings we must infer, that, 
for every distance of the magnets A and B, there will be 
a series < of curves, to which the indehniiely sihort needle 
will always be a tangents 

<TbayWilL rise from the adjoining poles on both sides, 
crosaingi diiLgonally the lozenges formed by the primary 
or/rSimpte' <^u^ve8, as- in fig. 43. These may be called 
compound , or secondary magnetic curves. Moreover, 
these ►secondary curves will be of two kinds, according as 
they pass through the first or second intersections of the 
primary curves, and the needle will have opposite posi- 
tions when placed on them. These two sets of curves 
will berseparated by a curve GEH, in the circumference 
of which the needle will be neutral. This curve passes 
through^&e^'potntB where the primary curves touch eaeli 

Tity;i . I. , i.' ■ > ; u'‘v’ 

f-?‘ a^»dwlSnotlj?’ f the- i effect lof bilging the 
mUigilets^ At^andi dearer togethexv or separating them' 
farther ;froni:.!«aclii OtIi^r. .By bringing .them nearer to 
eaoh^d^her, ;ihepoInt B, which is now a point of ^entl'ality, 
mayilba^^bund intersection (such a$ F) ^ 

.taie^agrtet|^burveS,.hn needle will take a^ sub^scMX^ 
drawing thbm farther *: £Honi ^ch 
Q nt^ub^ih the intersection of two ^magnetic 
cu^¥qs,,^aii(h die take a posidon ^similar to that 

«^^iffthe tiaign^*Aiand‘B<^r4 not placed so^ to form 
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a straight line with their four poles, but have their axes 
making an angle with each other, the contacts and inters 
sections of their attending curves may be very different 
from those now represented; and the positions of the 
, needle will differ accordingly^ But it is plain from what 
has been said, that if we knew the law of action, and 
consequently the form of the, primary curves, we should 
always be able to say what will be the position of the 
needle*. Indeed, the consideration of t^e supple curves, 
although it was the means, of sqggcsting to , the wdter of 
this treatise the explanation of, those oomp^oatad 
phenomena, is by no means necessary for this purpioue. 
Having the law of magnetic action, we must know each 
of the eight forces by which the needle is affected, both 
in respect of direction and, intensity ; and are therefore 
able to, ascertain the single force arising from their com- 
position. 

“ "V^en the similar poles of A and B jare opposed to 
each other,, it is easy to see tl)at t^e positiipn of the, needle 
^^oat be axtremejy diihrent from, wh^t , we have been 
desqritilngw. When placed anywhere, in,, the, .line, ,DF, 
.between two magnets, whose. north, poles front each other 
in N knd S, its north pole will always^ point away from 
the middle point D. There- will be no neutral point, E. 
If the needle be placed at P or Q, ite north pole wj41 be 
witiHB the angle EPH, or FQT. This , position, of the 
magnets gives another set ^ of OUfveSy which 

also orosh thef primary our^^s passkig dtagotM^y: thTOMgh 
the'lozen^es formed by theis interne, ction. .it. is the 

other diagonal of each lozenge which is a chord to those 
secondary curves. They wiU^ therefore, -have a form 
totally different from the former speciest" 
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CHAPTER IX. 

ON TERRESTRIAL MAONfiTlSM. 

We have already seen, in preceding chapters, that a 
magnetic bar or needle, when either suspended by a 
thread, or at liberty to move freely upon a pivot, will, 
when all otheb magnetic bodies are entirely removed 
fVom it, settle in a fixed position, which in this country, 
is ‘slbtiut to the we^t of dorth ; this deviation of the 
needle from ibb not'th is dalled its variation. The very 
same thing take place if a magnet or magnetized 
needle is placed on a piece of cork, and made to float on 
any fluid sbrfabe. The magnetic force by which the 
magnetic nebdle is thus made to take a flxed direction, 
and to return to it when it is pushed aside from that 
direction, has been naturally supposed to reside in the 
eaM, and hence it* hAs been called terrestrial magnetism. 

But not ohiy Is a magnetized body directed in this 

an ‘unmagneiklited body, 
as 6t be i^ permanently 

magnelih by the same power. *rbls phenomenon is said 
to have been first observed in the vertical rod of the 
\veatber*^cook of the church of the Auguatines at Mantua, 
though others have ascribed the discovery of the fact to 
CSbsMndi. This rod had beodmo magnetized by the con- 
tltiued addon of the invisible power of which we speak. 
In later times it has been observed, that a bar of soft iron 
is, by the influence of the same power, converted into a 
temporimy magnet, with a north and south pole, when it 
is j^aoed in the direoUon which a magnetic needle 
aSsuftieEi, and Is inclined to the horizon* 






the needle, or mfeJcing it 
mo W Irori&SthH^^ iii' a pivot, take an unmagnetized 
neildTe, 'an(j hulslnee itrhpbn a horizontal axia, then it will 
of course lie horizontally ; hut if we magnetize needle, 
we th^ fidff^ttiit'lt'no IdUget remains horiasontal, bdt 
takes an itrcliheB ]p6^on, of dipSi aa it is balled ; the dip^' 
or thh inblih^on dU^^aEr(k from a horizontal line, being* 
about id tins oAubiry. ' ' ' '* - < 

Tf Ire nbW'teke a mag^tie needle, ytits|ie&d'^ by*' 
a silk fibre, shaU tbat whem ft W poshed out of ' 
its po^ittbil of lOst, it win perform a hortiln nunlber' df ' ^ 
oscillations in a given time befote it again takes a fixed ‘ 
position. When this observation is made in different 
latitudes, it is found that the needle is brought to rest 
sooner in some plabes than in others ; whioh proves that 
the intensity or strength of the magnetic fordb which” 
directs the needle to the north varies in diflferent latitudes. 
Hence we have to consider three impdi^faut' Clasfihs of 
ph'i^omeha in' reference to terrestrial inagfUctism t ' ' ' ' 


1. The variation or declination of the needlei*ahd' 

;v ^ '■ ‘J ,|> :■ I'fy.i ■ ; 

hihllukUbu oN ' M ' 

'‘'8: iritdnsity o^teirebtrlii tuagnCtism ‘ ^ 

0 ^ which ^ We shall trhat kd p6ifspicti6u&ly and fully 'a^'thtf' 
na^^e of ^he subject and dur, tSdnfiiied limits Will* perniitJ ’ 

' 'Hi r’ '' /‘I ' ' v ‘ t r, 't 

i . ,v 

’jl' 'iiJViiAifOp! ''w| Va*' 'I'lit. ,1 

A general accou^ of thh ; pheniqinena of the variaijidu?' 

ln*tKh^hiataH(»l^ irffble. wifcf shkr rio W 

ikbte idrtltrtftb 

vartSrtlcnf'orifteiieMte^bavdb^^t^^ 





from <^e imperfect instruments i^iichf.^.erf^ in^ips^y 
employed, ^the, observations m^de on ^Idy-boar^ w^rj^ par- 
ticiularly liable to error,^ owing tq.tbe,apti 9 n.,w|iicb the i,rpn ^ 
on board- e^erqised upon the compass. ^ - ^ ^ . i . . 

Xbe person whq. attempted to cqllect and/g^^pgij^ ^ 
ize the .immense number of observations., wbi^ V4i]^eWf^, 
m^de pn the variation of the needle was, i)r w^p, 

published them in a sea-chart in 1700, in which hci, traced, 
lines through ,all the.parts of the globe where the variation 
was 0®, ,6°, 10°, &o. ; These lines, which have since been 
called the lines or curves^ excited great inte- 

rest, and ha<jLtthq advantage, of giving, at one glap(je, ,an 
ocular iP(i0ni^ ofitfeiapl?^ Ip ;^very part of the woi’id- 

A8,*tbk,jiFs«^^ g%^f,l^w^yer, .8pQn.bqca^^ old, 
the rapid, to tbp wiaiiqp,,ag ,^9^ pop-, 

fused -.methqdfl .^ofi'^obe^rvatioo, , Ijtoupj:ain^ 

DodSQnipellepil;a^,%Qm the records of the ^dwalty,,^an^;,, 
from the,paP^rsi<^f ,va'’iQus naval, ofl^cj:s, pbppt 
w.hUjIi they laid down in variation fcharts for ■ 
and 17,56... , , - 

The next step in the generalization of the phenomena 
of vi^fiation was rnado, by MviChprchipan, whp published, 
in ; 

wPst .of ,€lreeBwicSr ,7^ ,^P® ^alrwefirfher; while 

the other pole is in latitude 68®^ souths and longitude 165® 
east of G|;egnwtob» . IJS- .^uppeses thga npr^ern .pole to 
rovolve in 1096 years, and the sputhern one in 2289 


^ 4i“i Vi/ r .J'‘ ^ ,, 

..... .^: 
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\yhich the irregularities aod inflexions of the curves, and 
their total want of symmetry, prove how irregular are the 
causes on which terrestrial magnetism depends. In this 
chart, the western line of no variation^ or that which passes 
through all the places on the globe where the needle points 
to the true north, begins in latitude 60°, to the west of 
Hudson^s Bay, proceeds in a south-east direction through 
the North American lakes, passes the Antilles and Cape 
St Roque, till it reaches the south Atlantic Ocean, where 
it cuts the meridian of Greenwich in about 65° of south 
latitude. This line of no variation is extremely regular, 
being almost straight till it bends round the eastern part 
of South America a little south of the equator. The 
eastern line of no variation is extremely irregular, being 
full of loops and inflexions of the most extraordinary kind, 
indicating the action of local magnetic forces. It begins in 
latitude 60° south, below Now Holland, crosses that island 
through its centre, extends through the Indian Archipelago 
witli a double sinuosity, so as to cross the equator three 
times, first passing north of it to the east of Borneo^ then 
returning to it and passing south between Sumatra and 
Borneo, and then crossing it again beneath Ceylon, from 
which it passes to the east through the Yollow Sea., It 
then stretches along the coast of China, making a semi- 
clroular sweep to the west till it reaches the latitude of 
71^, where it deBoends again to the south> and returns 
udfthwmda with a great semidroular bend, which termi*- 
nates in the , White Sea. These lines of no variation are 
aocompanied through all their windings, by Other lines 
where the variation is 5*, 10^ 15°, &o* those last lines 
becoming more Irregular as they reodde from those of no 
variation. In the South PaciflO Ocean, and the equatorial 
part of the North Paoifre, they are so little dependent 
on the lines of no variation, that they form returning otifry^ 
of an •ekmgftted oval form, the curves of 2°, 4°, 6^ 6°* 

And 7^, crossing the equator and the ticpio! of Caprlodrh 
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twrce, so that, in tlie centre or axis of the ovals which 
these lines foriti, there should be a fragment of a line of no 
variation. 

The great changes which had taken place in the varia- 
tion since IjBTf and the number of new observations which 
had been made in every part of the world, induced Pro- 
fessor Barlow, in 1833, to construct a new variation chart, I 
which forms a very interesting and valuable record of the 
present slate of our knowledge on this subject* With the 
kind permission of Professor Barlow, we have given a 
reduced copy of this chart in Plate CCCXXVIL, and have 
included in it his separate polar projection of the variation 
lines within the arctic zone. When compared with the 
account glten above of the two lines of no variation iu 
Hansteen's chart, the motion of these lines, and of the 
whole system, will be distinctly seen. 

In the charts both of Hansteen and Barlow the variation 
lines exhibit a convergency at their extremities ; -Jr and 
Hansteen considers it proved that there are Jour points of 
convergency^ two in each hemisphere, a weaker and a 
stronger, on opposite sides of the poles of revolution* 
These four points he considers as the^wr magnetic poles 
of the globe j and, by Gompaadng observations which- 
bee^Mde # d^re^)tiijia»e^''|(y!He tiwi 

tine wastes 

frCita West esuSt, 'in au obfiiQue dlreotion, and the two 
sotfthern ones from ehst to west* also oWiquely. The 

^ ^ PhiloaopMool TVofwakrfwns, 1833, p. 867^675, platasxdi. 

. , . ' . " . • i . , , 

BarlSW has huocted .thp maguotic, observation^ of .GqjQ^> 
mtoylpF xwirks, jhe vary apot wbpre 

thji^ “ that is, ^to pole itself, is precisely that' in 

my |D|!ob6 and Aw ,hi', by supposing all the lines to meat, the 

several <sti!pvW'#^id(jF ihiit unity of idiharaotot, both separately 

and oohjointly; as £Pbee»wio4 piece lof dia poie is laid down 

in the accompanying chart,, J^aj^e- iWXXyU, . 
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^ireitiie periods of Aeir ifevoloiion> aa calouloted 
ob0er^at^o^£^ pneviwa^ td 1817>.:^^heA 
w.opjc was published r , .'i - v'- 


’ Thfe strongest iioartf |!)oli6 ttt ‘ ' 

■i' ' ' Thte SOUTH pio^e itt 4^9 ' ' 

’ ‘ ' Tife tt>eafe«|? NbrRTH'i)ole iil 860 



, ^apstcea i^emarks, .that the ^Ebwr aho^Vj^ ,^9^^ 

tioned, viz. 860, 1304, 1740, and 46Q8, 
altjar^ipp, 8P4 1248, ,1+788, afpd,4?8fl.i f^ev 

frnjpjf^y, for a roatte^ 05 f.ao^;icaj,iih^<<h^/^P,Wbm 

, e^iJ, to •?!!, X< 492, ^'3^ .(i^2,, .4 » 439* 
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'tb^i‘»thd Dadnfafer 432 one of the iuo^t important 
tatibongithe eadilied numbers lof the Indians, Babylonians, 
Greeks, and Egyptians, 'which are sedd to depend on 
cortain combinations of natural evehts. According to the 
mythology pf the Brahmins, the duration of the world is 
divided into four periods; the first of which is 432,000 
years ; the ascend, 2 X 432,000 ; tiie third, and so in all 
(1 + 2 + 3 + 4) = 10 X 432,000. Hansteen also 
considers it worthy qf remark, that the sun’s mean dis- 
tance from the earth is 216 (the half of 432) radii of the 
isuD, the moon’s mean distance 216 radii of the moon, and, 
Jwhat he saye is still more striking, 60 x 432 = 25920, 
‘.the ^m^lest i numbep divisible at once by all the four : 

£ ' anodes an4 btt^oe,. he ddds^. the shortest line in which; 

I the four Jolps can accomplish a c^cle, and return to : 
|tbe^ same sfkto as at present;, cpinoide^ exac^y wUh the ^ 
ifi uohioh tJte precession qf the eguino^m^will orient \ 
jiso a complete circle^ reckoning the precession at a ' dngrae j 
seventy-two years- ' I 

j HansteCn considers the four poles os originating in two \ 
(magnetic axes,' "the two strongest being the termination of* 
.one axis, and the two weakest of the other; and he con- 1 
loetves that they may have beei^ produced either along with j 
Ithe icfi^ jatcr . epoch. ^ Acooi:ding„to'*the| 

first anpppBimn,' it is not easy to account for their change 1 
of jfesitlbp ;! but" acbhriiibg to the last, Uiey must have^ 
originated either from the, earth alone, or from some ; 
lexternal cause. , , If they originated in the icavfch, their ^ 
|oha|ige of position is ' still unsusceptible of oxplanaiioni;^ 
Hanatcnn oonceives that they have thei^ crigfail 
tieatlng'wd 

eartH, ^ %agdeti:C't6USiml,^ah iff ^(^t^ijoes 

" 

' ' kite 

tegloijfe tto'the 
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'wtsdd'f aiHi by avaUiDg Himself of these^ and obtainidg 
Ed6es8>to others nrtpabiished- in the 'marine chart office at 
the Admiralty, the Norwegian .philosopher has obtained 
more accurate detenfliiiaAions both of the positions and 
periods of revolution of the magnetic pole. The following 
is a brief abstract of his calculations. 

1. Strongest north pole. In 1818 the observations made 
on board his meyeaty’s ship Brazen, m Hndson^s Bay, give 
6?^ 1(K for the latitude of the strongest north ma^etio 
pole,, and 92° 24' for its west longitude. Ilence by com* 
paring this with previous determinations we have 


Latitude of 
Pole. 

1730 70* 45' 
1769 70 17 
1813 67 10 


West Longitude 
of Pole, 

108* 6 
100 2 
92 24 


From these data we obtain the motion of the pole to 


the east. 

, ,EppAb#k ^ , 

Prpm 1790 to 1769 89 

, ' d7®9to:18l8, , 44 


, Change of Plao6 > Anhu^il 

8 * , 1 ^ 44 '^ 

,7 38 10 41 


' From T^hich we obtain 

M^ah annual motion of the pole IF 4^*25 

iperiod of complete revolution ..1890 years. 


I ^ 18^£ly Captain Psrry was tp tikpmp'thpf tl^ls 

poie, hnd, dip W 

Septetoiber W wata^tbree <>egp^8 of ^ p^. Hence, 

as his latitude was then 27 ', kititude of the pole 
must have been about 71* V7k 
According to the more recent observations of Com- 
mander Ross, this pole^ tipon which be erected a flag, is 
situated in north latitude 70* 5' 17", aiod iwest longiiWK^ 
'96^'4tf 48", which coittcides lrtrikiagly 
result* ■ 
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Strongest s&uApok. By oombioiug the obaervations 
of Cook in 1773 and 1 777, with thoae of Furneaux in 1773, 
and comparing these with Tasman’s observations in 1642, 
Haneteen has found the following position of it. 

‘ ‘ ‘ Motion in 

131 Yt’ai’s- 

1642, north lat* 71° 5' $ east long, 146° 57' 1 j^qo ] 

1773, north lat. 69° 26' 5''; eostlong* 136° 16' 4" J 

Henoe the real motion of this pole in 131 years is 10“ 14^ 
or 4''67 annually, and its period of complete revolution 
will be 4605 years. 

3. Weakest 9iort/i pole. By comparing observations 
made in 1.770 ^^id 1805, at Tobolsk, Tara, and Udinsk, 
in Siberia, Professor Hansteen found— 


North East 

Latitude. Longitude. 

1770, 85° 46' 91° 29' 30" 

1805, 86 2li 116 19 


Motion in 
35 years. 

14® 35' 


Anmml 

Motion. 

^'•128 


Hence this pole completes its revolution from east to 
west in 860 years. 

4. Weakest south pole. By comparing observations 
rnade by Cook and Furneaux in 1774, with thpse f'eoprded 
by Hdlfeyfas made in 16710,. Hansteenubft^ined thefbilo^* 

iitg < ' ' , ^ 


South West Motion in Annual 

Iiulilutlo. Longitudo. 104 Yours. Motion. 


1670. 64° 7' 

1774, 77 17 


94° 33i'' 
123 17 


28° 43j-' ]6''67 


’l|e^ idiiie pole completes its revolution flroia east t6>we*t 

in ' •' • 

FrbfsssWr Bsjptew btfis UBdeavoured [to..dfidup^. tJ»4 posi- 
tion pf tbe p6}e, .u^ thid the 

magnetio. ph)Q(»om4tiii<iff<!tih* to those 
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exMbiWd’by a simple iron ball. The tangent of the dip 
beitog equal to double the tangent 6f the tnaghetic lati* 
tude, Mr Barlovr supposes w to jp/ 

be the magnetic pole, N S the 
terrestrial poles, and L a known 
place where the dip and varia- 
tion have been well ascertained* 

Then by the dip we obtain the 
magnetic latitude wL ; N L be- 
ing the terrestrial latitude, and 
N L w the variation. Hence, in 
the spherical triangle N L we 
have two sides and the con- ® 

tained angle to find the side N the terrestrial latitude of 
the magnetic poles, and 'tt N L the longitude of the same 
pole, in reference to the meridian N L. 

In making this computation, Mr Barlow selected a 
certain number of the best observations on the dip and 
variation of the needle, made in different parts of the 
world, and he obtained the following results , 


Place of OlMRTailoD- Date. 

■ rrietan d’Aounha 1821 ( 
Tiiiiidcid . 1621 1 

.. , 1820 i 

, Ctoflpfe , ; ' . :L&20 t 


Berlin . '1 

Copenhagen 
Davis’ Straits 
Regent’s Inlet] 
^^n’s Bay 
^Qssesinon Bay 


12° O'W. 
5 0 W. 

. 16 66 W. 
. 20 47 WJ 
. 3^, 

, IlB $3'^. 
00 20 TV', 
U8 le w, 
,82 3W. 
ibB 46 W. 
127 46 E; 


OowputiKl Pliioaof 
Mognctlo Pole. 

North Ijit. Wart LteigT 

70° SO' 4(»° 88' 

73 M 47 20 

C9 87 .67 4 

68 4^ eS 14 

' w: j ' 6? as 

ivte 'Be, 

9 * 41' 

■79 "2 70 44 

I 79 43 07 SO 

67 ' 87 04 26 

■71" 10 SO '16, 

.71 i8 07 8 

60 40 OS' 10, 

78 12: 102 4» 


Wv: .Tv 
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Among these Tosults ,ther€ is a diaoijepancy pC .no less 
4:han 56® in longitpde, and 10® in, latitude; and whence 
Mr Barlow concludes that every place h^ its particular 
polarizing axis, which probably in all cases falls wii^hin. 
the iKgid zoneS) varying within these limits through all 
possible degrees of latitude and longitude* 

These aberrations Mr Barlow ascribes to local inequa- 
lities in the distribution of the ferruginous parts of tte 
terrestrial sphere^ 

The following tables contain the best measares of the 
variation of the needle. Table XI. containing the obser- 
vations collected by Hansteen since the publication of his 
work; was communicated to the writer of thw treatise by 
that eminent p^osopher. 





Table l.—Containm ^ VartcOhn of the Needle, as <Asen>ed 
in Denmark^ Norway^ and Sweden, 




















Table IL-r^Contcnmtg the Variation of ike Needle in Mussia. 

















Table III . — Containing the Variation of the Needle in Holland^ 
Prussioy the NetherlandSy and Switzerland. 



Table IV . — Containing the Variation of 1^ Needle^ as 
observed in France. 
























Table V . — Containing the Variation of the Needle, as observed 
in^ Qreqt Britain ancl Irelands 




ITablJb ,VJI,v^ Containing the Variation of the Needle, as 
I* , \ / observed in Turkey in Burope* 
















yni . — Containing the Variation of {he Needk^ as * 
observed in Asia and the adjacent Islands. 























I'ablb VIII.— conft’rtttecf. 



Tablb IXw — Contaimng (ike Variation of tke Needle^ as 
observed in Africa and the adjacent Islands,, 



■ , r li?76 ,1 6 B. ‘ Aaigox^ 

Ajoeniioft.- IsL ' J i ^ ® - A.'b-d^pfli 
ABOenBion,WL 1775 lo 52 ^ i 


/, Island, 
of 


m 


me 


me,! 

1 ^ 

^8 

Ml 



1612 

17 

28 



•48- 




































I 2 
















Table %.—ContAvimd* 
























Prince of Wales 
Fort, 

Yloj Peru, 



1596 16® O'w. 
1773 20 88 

1778 19 59 B, 

1769 6 40 
1776 7 80 
9 80 
14 49 


Year of 
Olwrva- 
tlon. 

Mignetlo 

Variation. 

1670 


1725 

1742 

1769 

1710 

21 0 W. 

17 0 

9 41 

6 86 a. 


Yori,New, <11723 1 7 20 



Table XL — ContaintTig the Variations of the Needle 
according to the latest (AservatUms. 


Tow of Obicwatloii. 


1 .^ — Dmmarh^ N'orfuay^ StoSdsn, arid FinUtnd. 


Anliolt Island, 

Abto, Finland, 
Braliestad, Finland, 
duistifuisand, 

Christiania, 

Pageiort Island, 
Fredriksteen, l^orpiray, 
Jjnnaka UtOn, . * 




Plto^ S-^eden, . , , 

Svnwwrt, Sw^en^ . 
Throndig^t Norway, 
Tomep, Fhwnd, 

, Noirway, 


Waido^ , . 

Waea, Finland, • - ' 


17fl8 

Sopt. 27; 1825 
Sept. 1825 
Mar. 18, 1782 
May 17, 1780 
Mai. 10, 1817 
May 24, 1822 
1800 

Mar. 24, 1799 
1800 
1621, 
' c , ' 1^28 
1800 
.1800 
1821 
1825 
1800 

July 28, 1825 


July 7, 1816 

Oot 4; ISll 
Apr. 25, 1825 


10° 8'w. 
11 20 
30 88 
20 0 

18 42 
20 8 

19 47 
12 0 
18 0 
IH 0 
18 ^ ' 
































TaMt of Obmatiapu I ^acnatlo VariaUoo. 


4fiifsiovrgi 
&Yre 46 ( 


lyons, !. 

I' 

Qu^flant Isknd, 

i ^ 

Paris, 

, I’l 

Toplon, Cape Side^ 


BdjQbufgB, , 

Gritvesend, ! . 

HarinitiSge Mill,' tettb, 


Lottdori, 


St70](im|M6} Qrknejr, 


1818 
i 1813 
Sept 26 , 1768 
.Not, 1761 
Dec. 1755 
1761 

Deo. 1806 
Oct 12 , 1816 
1819 

Oct. A, 1 829 
April 25 , 1811 


1808 

27 

8 l»» 

1809 

27 

85‘2 

1812 

28 . 

, 8 *Q. 

1628 

27 


3576 

n 

ao^ 

1823 M 

.m 

1 ^* 0 . 

1806 ^ 


1812 



1816 


. 17 ^ 

1820 


13-7 

1828 

, . 

9‘8 

, 1819 

27 

50 


A^utbi I 

b35S^.!. ' 

OWik,^’ < ‘-i. 
CalsAiirtso®.; I 

Cabter^Kaltiincl,' •' •< « 

Pjpjiajjy j * * ** 

f^^^ol’pijttlUilo, .iih| 


gST’’ 

Lagoa Bay^ 


4, 1800 . 
1 . 1818 
, ms 
, 1618 
-^0^ 29, 3768 
l4|oh, 3789 
J# 2, 1798 
Seg. 29, 1789 

) 1806 I 

• 1818 I 

Jinie 15 , — - 
V — I ' 16 , 1 “ 

^t-^l9, — 

July 18 , 

Juno 16 , 1708 
Oct 2 ^ 1708 


U A 
18 45 
10 0 






Table — ConUrmed. 


Afa^n^etio Variation. 


VI. — Portugal^ ^c, continued, 

( Oct. ’20, 1731 S®42'W. 

• • ] ml 19 20 

( Jiily6-ll,18l8 19 20 

Lissabon, . . 1811 22 45 

Maritimo, . , Aug. 6, 1807 19 40 

Maritimold^d, { 28, 1818 U « 

Malaga Bay, . . Dec. 1, 1788 19 50 

Malta, ^ . . 1612 11 0 

Minotca, cl Mola, . April 15, 1811 19 30 

Palermo, C. Guals, . {l814 18 30 

Ustica, . . July 15, 1818 17 30 

Vido Fort, Alessandro, 1 4 34 

VII. — Hungary and Turkey. 

Constantinople, . 1797 12 S3 

Corfu, . . . 1818 14 34 

Mau^yBay, . 1793 13 20 

Imbro Island, . Aug. 27, 1807 12 32 

Trebizonde, . 1797 8 14 

VIII.-”^m and neigTthovring Islamds. 


Alceste Island!, . 

Basil’s Bay, * 

Bata Harbour, . 

Bildih, 

Cheaton Bay, . 

Cape Comorin, 

Congo Eiver, 

Points de 'GteUb, Ceylon, 
Trinconaalee, . 
Deirbent, , * 

Hyderabad, . - 
Batam, JaVa, 

Sourabaya, 

Lam-Get Island, 

Macao, 

Madras, 

Morebat Bay, . 
Muscat-Cove, k 


July 21, 1816 
Sept. 4, 1816 
April 15, 1803 
June 11, 1580 
Aug. 22, 1816 
Mot. 30, 1815 
July, 1816 
April 2, 1814 > 
Sept. 27, 1812 
October, 1580 
June 27, 1804 
^July 29, 1814 
' October, 1793 
Sept. 1 824 
June 16, 1816 
April 21, 1792 
1809 
178L 
1785 


1 9 
11 0 

1 16 
0 17 

2 31 w. 

0 10-4 w. 

0 9 w. 

1 12 n. 

3 Ob. 







TABtn "Sl^—^kmilmied. 


or PUoet^ 


TttrofObierTUlon. I Ktgnetld Vviation. 


Vlll.-^ata, jJ-o, ecmHnmd. 
Murmy'ft Sound, . Sopt. 8, 1016 

<>«• •.IM* 

P 0 OI 1 O Moulli, . . July 27, 1816 

Princes’ laland, . May 10, 

Sandy Island, . - , July 27, 

Adhon, Sumatra, . May 1, 1814 


2° O'w. 
0 52 w. 

2 14 w. 
20 7 w. 
2 14 w. 
2 25 B, 


IX . — Afiioa and 


Alexandria, 

Alboran Island, 
Airioa Islands, , 

Asoension, . 

Akromar, 

Ambucol, , 

Fagel, Aroies, . 
Bareedy Harbour, 
Bomba, 

Bourbon, St Douys, 
ConarioB, 


Funobal, 


. T«neri% 

, Veowtf^ ^ ^ , 

Santa tto, , | 

Ohagoi (Diego Qaitoia) 
Blaven Iskuds^ « 
Oomtnotiftli Islanda* 


f miyhbounng Islands, 

May 11, 1604 12 

Ap]^ 8, 1822 10 

Jan. 8, 1818 21 

1802 7 

1816 ]5 

Jan. 1825 16 

March, 1828 11 

April, 10 

1814 28 

1776 IS 

1821 14 

Aug. 10, 1813 17 

1802 10 

1811 21 

1813 22 

1816 21 

Feb, 1829 21 

Mar. 24, 18I9 10 

July 5, 1821 25 

1816 21 

20 




Fsb. IS, 1819 
Aug. 139, 1823 

iras 


1813 lOr 
Mur. lA 1819 .,.1$. 
Api!.fi, 9,-.:— , ■- li 

April, , 18,19 . i* ■ 
'.m. "38,. 1819 ' , U,' 

Aug, 1898 ' ' ^I'v 

W . 18, 




















TabL;bs , XL— Con^wcct- 


















Table 'discontinued. 


Yeuof ObiomUon. I Moguetlo ypX!liUla&* 


Guayaquil, 

Ghiadaloupe, 

Gnaeco, 

Haj« Island) 

Juan F6];iiapdea, 
Jamfdoa, P. Boyal 


Mejdoo, 

Mobile Bay, 
Martinique, , 
F. Royal, 
Santa Martba, 
Has-arFuera, 
Mohawk Boy, 
Port Mulgraye, 
Le Maire Str. 
MoUendo, 
Moeba Island, 

Monto Video, 

Montems, . 
Niagara Fort, 
Nuacho, « 
Nootka, . 

Panama, 


X — AfnertoOi oonitnued, 

f| Oct. 11,1791 

t 1821 


Got 

11, 1791 

90 

'ir 

' B. 


1821 

9 

6 



1809 

4 

66 

B, 


1821 

18 

30 

B. 

June 

1818 

71 

68 

w. 


1744 

8 

80 

B. 


1802 

14 

0 


Nov. 

1789 

6 

36 

fe. 


1817 , 

1 4 

40 


Boo. 

1740 

9 

2 

B. 


1802 

9 

60 


Dec. 

1803 

8 

8 

B. 


; ' i 

Porto Piello^ ' 


Prince of Walba? Fort, 


1814 

1736 
1816 
1743 
1802 
1816 
July 1, 1791 
1712 
1821 
1821 

Sept 23, 1789 
Aug. 1807 

Sc5>t 28, 1791 
1817 
■ 1821 
Aug.. 17, 1791 
Nov. 1776 

Pee, 8, 1791 
1802 
1821 
1821 

March 

■ ' , : :xm: 

L 8 ijf; 
1798 
1807 
Sept 8,1818 


G 30 B. 
6 Ob, 
0 46 

6 S6 SL 
13 0 s. 

0 4 b. 
26 40 B. 
24 Ob. 
11 6 a 
19 84 b. 
18 40 b. 
18 20 
10 66 b. 

1 27 b. 

9 86 B. 
22 30 B. 

7 49 b, 

7 49 

8 0 
7 0 

9 aa. 

, 1 ) 1 . M ^ 
. VM». 
. B SO 
6 0 
1 6 b. 

6 89 
6 0 







Table XL — CWinwecT- 


'MiiaM«fPlMcw. Yaaf of Obaemtlon. Mqnvtto Yarlatian. 

'X.»-^-*Afnerioa^ 4!^. conHnwd, 


PeEnam'buco, . 

1815 

8® O'w. 

P^iedo S. Pietro, 

1813 

6 0 w. 

La Plata, 

ms 

8 80 a. 

Cnito, 

Feb. 1802 

9 241k 

Iletdeyo, . 

Jan. 28, 1791 

9 20 E. 

lUo Janeiro, . 

1 1821 

8 21 B. 

TdcfJnuma, . 

1 Not. 21,1793 
1821 

14 52 b. 

15 30 

Fort Galvez, 

Peh. 1823 

16 16-4 

St Thomas' Island, 

1816 

2 24 b. 

Mar. IS, 1769 

6 28 B. 

Vera Cruz, . , -< 

1815 

10 87 


April 27, 18M 

9 16 


Mar. 11,1709 

9 80 B. 


1744 

12 80 

Valparaiso, 

Mar. 20, 1709 
179S 

13 80 

14 49 


1802 

14 56 


1821 

14 43 

Valdivia, 

1788 

17 30 B. 

St Vincent's Idand, 

Mar. 31, 1814 

7 so B. 

William’s Fort, . 

Dec, 8, L816 

5 80 Ik. 

Wollaston’s Lslce, 

1807 

18 2b. 

Ylo, 

1802 

10 30 b. 

York Fort, . , 

1807 

Sept. 1819 

4 56 b. 

6 0*8 B. 



Aoxboyna, 

Oct 1823 

0 28 b. 

Bou^eda, Cayeli, 

Sept 29, 1828 
July 1796 

— _ 1824 

8 31^ B. 

Canim, 8«la»a Bay, 
Do^HatUnr, N. 0. 

8 41 B. 

1 86-6 B. 

Galagos Island, * 

1B21 

8 20 B. 

Gnazon, Marion IsL 

Feb. 22,1792 

3 18 b. 

Jervis ;^y, * 

1800 

9 D B. 

King’s 1. i^ephant B. 

1802 

July 18,1792 

3 00 b. 

0 1-74®, , 

Oystfipf New Hpl 

. April 1824 < 

IB 21% a. , 

1789 

»4Aa 



o&k, ' . i ' 

. .-Be{>t -UdS, 

.. .1 .1'7a 







Tabt^b XL — Continued^ 


NAqa# Of Flaoah 

Year of Otwmtioiu 

MagnsUo Viriotion. 

XL— CowHnued. 


Port Praalin, 

Aug. 1828 

6 O 40/.4 a 

Polo Leali, , 

Pulo Ponang, 

Har. 1,1816 

0 52J w. 

1787 

0 11 w. 

Port Com-wallia, 

IdOd 

. 1 57 b. 

Port Philip, 

1802. 

8 Ob. 

Port JaokBon, . 

Mar. 18, 1798 
JaiL Feb. 1824 

8 46 a 

8 56 

' ' ' f 

Oot. 28,1822 

8 43*8 a 

• »fS't ,- * / < 

Feb. 10,1813 

0 46*3 

Paramatta^ 

Mar, 26, 

0 47*5 

' 

Mar. 27. 1813 

8 50.5 


81, 

0 43'5 

HaUn, . » , 

Havre de la Coqmlle, 

Juno 1823 

9 20*5 a 


On the proffressive Changes in the Variation of the Needle. 

We have already eeen, that the variation of the needle 
experiences a progressive change in every pa^ of the 
globe. The following table shews very saii^U)iot*Uy the 
change which has taken phu^ in London. 

Table of the Variation at London frdm 1576 ^ 1831. 

Years. ^ Olnenrers. Vanaticms. 

1676 Norman 11° IS' easterly. , 

1680..'.j.i..:Ba]Toughs 11 17 maximum. 

ie22.....|...6Dnter..'.: 6 12 

1634.;i...'...6embrand 4 5 

)- 0 0 no Tariation. 


1666.. .... 0 34 westerly. 

1670.. 2 6 

1672 2 80 

1700 ... 9 40 , 

1720 13 0 
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Y ofu*a. OljBervera. Variationa. 

1740 16® 10' westerly. 

1760 19 80 

1774 22 20 

1778 Phil Trans 22 11 

1790 23 89 

1800 24 36 

1806 Phil Trans 24 8 

1813 Col Beaufoy 24 20 17" 

1815., Ditto... ...... ...24 27 18 maximum. 

1816 24 17 9 

1820 24 11 7 

1823 .....24 9 40 

1831.. ..: 24 0 0 


The following table shews the progressive change in 
the variation of the needle at Paris. 


Tabu of^e Variation at Paris Jwm 1641 to 1629 


Yoara. 

Variations. 

Yoara. 

Variations. 

1541 

7* 

0' easterly. 

1688 

8® 

50' westerly. 

1660 

8 

0 

1700 

7 

40 

1580, 

11, 

80 maximum. 

1760 

17 

15 

1603 

. 8 

46 

1767 

19 

1$ ■: 

IS18 

8 

0 

1780, 

20 

86 

1630 

.,4 

30 

1786 ' 

'-^2 

0,^'"' 

1640 

3 

0 

1800 

22 

12 

1659 

2 

0 

1807 

22 

34 

1664 

0 

40 

1814 

22 

64 

1669 

. 0 

0 no variation. 1819 

22 

29 , , 

leer-' 


15 westerly* 

1824 

22 


1670 


-,-.30 -.j 

1,829 

,22 


1680 

2 

40 ^,1 ^ 



, II j , , 



The following abews the prc^ssive^ in 

the variation in th^^ sdethera hemiepher^ einoe l^e^time 
of Vasco de Gama; ' ' ' ■ ' ^ ’ ’ ’ 
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Table of the Variation at thA Cape of Good Hope, 


l^eara. 

VariatioiiB. 

Tears. 

Vnriatioiis. 

1606 

0° 30' easterly. 

1724 

16° 27' westerly. 

1609 

0 12 •westerly. 

1752 

19 0 

1614 

1 30 

1768 

19 30 

1667 

7 15 

1776 

21 14 

167{5 

8 30 

1791 

25 40 m^timum, 

mi 

12 '50' 

1804 

25 4 


Profess Hansteen has. explained these progressive 
changes in the variation of the needle by the motion of 
the four magnetic poles. Taking the variations at Paris 
for the northern hemisphere, he remarks that in 1 580 the 
weak north pole ih Siberia was about 40° east of Green- 
wich, or to the north of the White Sea, while ithe strong 
American pole was about 136° west of Greenwich, or, 36® 
east of Behring’s Straits. The west -pole, therefore, lay 
nearer Europe than now, and the strong one 
H^nbe the action of the former predominated, and: ^ew 
the needle eastward. But the weak pole now withdrew 
itself towards the Siberian Ocean foom Europe, and the 
^(trong one approached it. The action of the latter there- 
fore predominated, and the needle turned westward till 
18X4, when it reached its greatest declination and com- 
menced ^i/^tfsrly course. 

' 18 equally ^tisfebtpjEy ip i:efoire|iob to 

the sOiii^ri^ hebeit^^ ^ vetiaiioia ; at the Cape. 

In 1605 il^weah soutti polOra 76^° wost of Greenwich, 
and the strong south pole about 160° east of tiiat meridian. 
The weak pole was, therefore, much nearer the Cape than 
now, while the stronger pole was more remote from it. The 
.influeppa of the loeak pole, was therefore most powerful, 
so that^the south pole of the needle moved towur^a the 
west, and its north pole more towards the eaJtC But 
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when the weak south pole receded from the Cape, and the 
stroi^ one approached it, the south pole of the needle 
turned more and more towards the strong pole, and its 
declination became consequently more west^ly. 

Mr , Barlow has therefore given the following rule for 
calculating the variation of the needle, on the supposition 
that the magnetic pole which governs the needle in 
London was in 1818 in north latitude 75° 2S and west 
longitude 67° 41', and that its motion was uniform at 
the rate of 4° 14' in ten years, the variation being 0°, or 
the pole being in the meridian of London, in 1660. 

Rule. To the co-tangent of half the angle ^NL (see the 
last figure) add the constant log. 1*65642 \ find the angle 
of which tie sum is the tangent, and, call it arc (A.) To 
the same co-4)angent add the log. 0*03987, and fiud the 
arc of which the . sum is the tangent, , and cal) it arc O.) 

Then B — A will be the variation, or the angle, w L N* 
The following comparison of the variations thus cpmputed 
with actual observation is very interesting* 


Yoare. 

Variations. 

LidbroDCOB. Obseryea. 

1660 

Observed, 

0' 

Computed. 

O'^ (y 

0® 0' Bond. 


2 3Q 

il 44 

0 14 + ; 

im, 

,, 6 P 

7 59 . 

l.Sfl + DiiWb. , 


U .17 

W 47.. ■' 

0 30 + 6r$bani^ 

1740 

17 0 

l6 20 

1 20, +. pitto. 

1750 

17 48 

19 47 

1 59 4* 

1770 

21 9 

22 4 

0 55 4* Heberd«n. 

1780 

23 17 

22 54 

0 23 — Gilpis. 

im 

28 89 

28 33 i 

0 6 — Ditto. , 

■hm, 

,, ,24. 3 

24 1 

0 2 — • Ditto. 


24 ,11 

24 18 

0 7 4 ^ Ditto. 

,1818 

14 80 

24 80 

0 0 

1828 

1888 


24 29 
24 £8. 
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The Qumbets in the column of differences are very 
smaUy and may rise as much from errors of observation 
as from a defect in the theory. The average difference , 
is only about dh'. 

Mr Barlow has computed the variation also for Paris and 
Copenhagen, and compared it with the best observations 
made at these places. The average difference for Paris 
is leas than 30'. At Copenhagen it is 87', or only 20' if 
we throw aside the observed variation for 1731, which 
seems to err greatly in defect. 

On the Annual Variation of ttve Needle, 

Besides the progressive changes in the declination of 
the needle, M. Cassini observed an annual change 
depending on the position of the sun in reference to the 
equinoctial and solstitial points. 

Between the months of January and April the 
magnetic needle recedes from the north pole of the globe, 
BO ^at its western declination increases. 

Frpm to the beginning of JvHyy that is, from the 
vernal equinox to the summer solstice, the declination 
dimiDlshes, or the needle approaches the north pole of 
the globe. 

From the summer solstice to the vernal equinox, the 
necdSet receding from the north pole, returns to the west, 
BO that tn October it has nearly the same position as in 
belbwe^ Octbbeir apd Mar^h the westerly 
motion is than preceding 

Hence U follows, that during the months between 
the vernal equinox and the summer solstice, the needle 
retrogrades towards the east ; and during the following 
nine months its genered motion is towards the M'est. 

This important subject has particularly occupied the 
attention of M. Arago. Taking the mean decUpation of 
each day, or that of the maximum and mimmian!i» and the 
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mead d€k>linatidn of each month, he has arranged in tables 
thte mean raotithly declinations at Paris from X784 to 1788, 
and also those at London, near the equipoxes and sol* 
atices, from 1793 to 1805, as calculated from the obser** 
vatipns of Mr Gilpin, and by a comparison of the results, 
he finds a maximum of declination towards the verpal 
equinox, and a minimum towards the summer solstice ; 
but this dlfiPerence was less at London .than at Paris. 

In comparing the observations of Cassini in 1786 with 
those of 1800, corresponding to the measures of Gilpin, 
M. Arago has found that they do not differ from one 
another in their magnetical relations, but in one point " 
In 1786 the annual change of declination was nine 
mittut?es,' Isrhereda in 1800 it was scarcely a minute. 
Hence, says be, it is worthy of remark, that the Jetro- 
grade motion which the needle experiences between the 
vernal equinox and the summer solstice decreases at. the 
same time with the general and annual motion towards 
the west* 

At Salem in Massachusetts, where observations were 
made in 1810 by M. Bowditch, the declination is west, 
and has diminished for a great number of years about two 
minutes .annually. In examining these observations, 
^ Araga joes not 6nd any trace of the pdriod of C^inL 
^ netve^dimiiHsbi^d betwe vernal 
equhiox and Ihe solstice^ but .it gradually 

inbreases from April to August. This increase is com*- 
peosated by a decrease of the dedlnation between Sep* 
tember and December, so that the period seems to be 
spring to autumn. If this. idea shall be 
fbumA bofereot, M. Arago conceives that the annual 
changes wilkbe regidated by the following principles. 

L When the needle, having a westerly declination, 
recedes from.the'j^^ it experiences a retrograde 
motion, which bripgs it baok to this place. This is the 
.discovery of Caasihl 
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. % This retrograde oscillatioD is greater in proportiorr 
as the annual change of declination is greater^— a result 
deducible from a comparison of Cassipi and Gilpin’s 
observations. 

9. The oscillation disappears, and every month gives 
nearly the same mean declination, when, the needle 
having arrived at the limit of its western digression^ the 
annual change of declination becomes imtbin^. This 
result is deducible from Colonel Beaafby’s observations. 

4. When the westerly declination diminishes from year 
to year, no remarkable oscillations are observed in the 
neddle towards the east, excepting between the months of 
September and December. This is the observation of Mr 
Bowditch, According to Colonel Beanfoy's observations, 
the daily variation is greatest in June and August^ and 
less in July, so that the annual curve has two maxima and 
two minima in the course of the year, the two maxima 
being in June and August, and the two minima in Decern-^ 
her and July. 

jDiffirna/ 

That there is a daily change in the variation of the 
needle, as orighsally discovered by Mr Graham in 1724, 
has been placed beyond a doubt by observations made 
wit& the most accurate instruments in ^hnost ey^y part 
of the The following table contains ‘Ar inm 

diurnal cbalhgea in the variation, aooordin^ to ^ obser<^ 
vations of Canton in 1769, of Gilpib ih and 1793^ 
and of Colonel Beaufoy in 1817^19.. 
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Tabkaf^ Mean Daily Chemyes in Variation, 


Months. 

Observa- 
tions of 

Observations of Gilpin. 

C^onel 

Beata&y. 

1817,18,19, 

Canton. 

1759. 

1787, 

1793. 

January, 

T 8" 

10' 

2" 

4^ 

3" 

5' 3" 

February, 

8 58 

msM 

4 

4 

6 

6 3 

March, 

11 17 

15 

mm 

8 

5 

8 22 

April, . . 

12 26 

17 

4 

11 

7 

11 48 

May, . . 


18 

9 

10 

4 

9 53 

June, . . 

13 21 

19 

6 

12 

6 

11 15’ 

July, . . 

13 14 

19 

6 

12 

5 


August, . 

12 19 

19 

4 

12 

1 

11 26 

Septerabet-, 

11 43 

15 

5 

9 

8 

9 44 

October, . 

10 36 

14 

3 

7 

mm 

8 46 

November, 

8 9 

11 

1 

3 

8 

7 10 

December, 

6 58 

8 

3 

3 

8 

4 7 

Mean daily 
change. 

10 43 

14 39 

8 


9 32 


The following Table shews the Amount of the Daily 
Variation at other Places compared with that at 
London^ 


London, genial mean. 

BO' 

44'' 

Geneva. 

15 

42) 

Chamouni. 

17 

4 

Col du Geant- 

15 

43) 

Freiberg. 

12 

11-9 

Petersburg. 

. 12 

101 

Nicolajef. 

10 

53-4 

Kasan, 

70 

36*5 


Saussure. 


When the diurnal variation of the needle was first 
discovered, it was supposed to have only two changes in 
its movements during the day. About seven a. m. its 
north end began to deviate to the west, and about two 
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p. AfVit reached its maximum westerly deviation. It their 
returned to the eastward to its first position, and remained 
stationary till it again resumed its westerly course in the 
following morning. When magnetic observations became 
more accurate, it was found that the diurnal movement 
commences much earlier than seven a. m. but its motion 
is to the east. At half past seven a. m. it reaches its 
greatest easterly deviation, and then begins its movement 
to the west till two p. m. It then returns to the east- 
ward till the evening, when it has again a slight westerly 
motion ; and in the course of the night, or early in the 
morning, it reaches the point from which it set ou£ 
twenty-four hours before. The most accurate observa>- 
tioDs made in England were those of Colonel Beaufoy, 
when the variation was about 24 J west. In these the 
absolute maxima were earlier than in Canton's observa- 
tions, and the second maxima west about eleven p. m. 

The following were the diurnal changes observed at 
Paris. Durihg the night it is nearly stationary. At sun- 
rise its north extremity moves to the west^rd^, ^ if it 
were avojiding the solar influence. Towards noon, or 
inbr^.^nerally from noon to three o'clock, it attains its 
maximum westerly deviation, and then it returns east- 
ward till ninei ten, or eleven o’clock in the evening ; and 
then, having reached its original position, it remains 
during the night. The amount of this daily 
varjk , Aprils Maj, June^ Ang^u^t, ^^xd 

naonthJs 

of theyni^V kn, 10^. ph U tfoes to 26' 

and oh others tt do^s no't e^eed,5^ dr 6^ 

According to M. Dove, the inaxinium easterly devia- 
tion of the needle takes place at eight a. m. et Frejiberg, 
l^icolajef, and St Petersburg, and at nine a. m. at Easan ; 
and the maximum of westerly deviation at two Pk M. at 
Nicolajef, and St Petersburg, ppd one>, ^ at 
.j^eiberg,, ^ 
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Ha the northern regions^ such as Denmark, Iceland, 
and Greenland, the diurnal variations are greater, endless 
regular. The needle is not stationary during the night, 
and it does not reach its maKimum westerly deviation till 
between eight and ten f. m., and its most easterly about 
nine or ten a. m. 

In advancing from the north to the magnetic equator, 
the diurnal variation diminishes in amplitude, and it ceases 
to be perceptible in the magnetic equator. Captain 
Duperrey, however, has found, that when the place is 
either under the magnetic equator, or at a little distance 
from it, the north point of the needle advances every 
morning, to the west or to the ea$t^ according' as the sun 
passes to the north or to the south of the place of obser- 
vation. 

In the southern magnetic hemisphere the daily varia- 
tion takes place in an opposite manner^ the north end of 
the needle moving to the east at the same hours that it 
did to the west in the northern hemisphere ; a result 
which has been established by the observations of Mr J 
Macdonald at St Helena, and at Fort Marlborough in 
Sumatra.* ' M. Fre'ycinet was led to the same result by 
obsei^vatlons made in the Isle of France, Timor, Rawak, 
Cr^faanif Mowl, Fort Jackson, and o^her places. At the 
end wich ilsles, m the northern heknisphere, 
thb poiiH of the needle moves to the west, as in 
Europe, from eight a. m. till one p. m. though the varia- 
tion there is easterly. At Timor, Rawak, and Port 
Jackson, to the south of the equator, the north point of 
tlie needle moves during the morning in an opposite di- 
$ hepc^ the observations made to the north of tbe 
line agree WiA those in Europe, while thot^ lo tho 
eouthern those of Maedondd, exhibit 

tW oto isndbly lam 

bet^oen tho tawplos than hi 
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ao opposite motion. M. Freycinet found that the diurnal 
uacillarions have a small amplitude between the tropics. 
At Raw'ak^ only the fortieth of a degree south of the 
equinoctial line, M. Freycinet found that the needle 
oscillated every day with an amplitude of S ; so that it 
is the magnetic, and not the terrekrial equator, as 
Duperrey afterwards found, which separates the zone of 
.westerly from the zone of easterly diurnal variations. 

Observations are stiH wanting to shew whether or. not 
the- daily variations have the same direotion in places 
where the variation is westerly and in those where it is 
easterly. 

The dipping needle also undergoes, as will be after- 
wards seen, daily variations, but their amplitude is of less 
amount. There can be no doubt, as M. Pouillet observes^ 
that a needle capable of moving in any given azimuth will 
experience daily changes ; and that a needle moveable in 
every direction round its centre of gravity would describe 
every day a cone whose base would be an ellipse, or some 
other curve more ojr lesa etongs^ted, m different of 
;<tW^iearth^ ■ z-,'' ■ < " ■' • ■' 

allov^ed to be the cause of 
dire varkttsone of the needle. Canton ascribed 

them to the aetiou of solar beat,, having ascertained that 
heat tends to dimmish the attractive powers of a magnet, 
aesr^ing that the direction of the needle was due 
to ih^^veisultapt of all the magnetic forces of the , tarres- 
tricd sphoi^ ‘When the suh was to the eaa^iravd of dije 
neel^ijthe &t<» 8 lying to., the. upward stifietied cfc 
nutioh of power, iz^ 'coUfequehce ^i. which the westerly 
force prevailed, and the north end ^viated to the west. 
When the sun, on the other hand, was to the westward 
of the needle, the power on that, side diminished, and the 
needle returned again to the eastwards Canton^ however, 
did not give any explanation of the morning o&Btearly 
variation of the needle* . , ' ^ ' 
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On the Irregtdar Motions of the Magnetic Needle as 
produced chi^yby the Aurora Borealis, 

IQesides the regular changes of an annual and diurnal 
nature to which the needle is subject, it is sometimes 
affected with sudden and extraordinary movements, to 
which Baron Humboldt has given the name of magnetic 
hurricaneSf^ during which the needle traverses with a 
shivering motion, and often oscillates several degrees on 
each side of its mean position. 

These sudden and capricious motions have been most 
frequently observed during the existence of the aurorce 
boreaksy and have therefore been ascribed to that cause. 
The influence of this meteor on the magnetic needle was 
first noticed by Wargentin in 1760. It was observed by 
Bergman and others ; and Van Swindea remarks, that he 
seldom failed to observe aurorse boreales afler any anom&< 
lous mofion of the needle ; and he always concluded that 
there must have been one at the time, though he did not 
seeih As needles made of other substances, such as 
copper or wood, have not been found to be affected, the 
action of tbO'Cmror^ oaanot be considered as an electrical 
oM , ■' ; ' ' 

' TM influenoa of the auirota on the needle has been 
particularly studied by Dr Dalton, who has stated bis 
views in his Meteorological Ohservaiiofns and Essaysy pub- 
lished in 1793, in a dissertation of great ability, which 
never Received the notice which it merits. He has 
I that d^luinincMis beams of the aurora are parallel 

to;Aeditppit^ the rainbowdlkearc^'^^ 

the at . right angles ) fbat tW 

arch, of de heriiMtel is biseeted tbe magnetic 

meitdian; tAi(a traondary of a, aurota is 

half the mroijiihferetice of a great kOhxsle oroasing the 
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raj^n^tic qaeridian at right angles, the beams perpendi- 
to. the horizon being only those on the magnetic 
meridian# . , 

Dr Dalton has shorn, from nqmerous observations, that 
the aurora exercises an irregular action on the magnetic 
needle ; and he has deduced from these observations the 
following results. , 

1. When the aurora appears to rise only about 5^ 10®, 
or 15^, above the horizon, the disturbance of the needle is 
,yei 7 little fmd often insensible. 

2. When it rises up to the zenith, and passes it, there 
never fails to be a considerable disturbance. 

‘ d. This disturbance consists in an irregular oscillation 
of the horizontal needle, sometimes to the eastward and 
then to tbe westward of the mean daily position, in such 
.sort rthj^t the greatest excursions on each side are nearly 
equal, and amount to about half a degree each at KendaL 
' 4. When the ajurora ceases, or soon after, the needle 
returns to its former station, . « . i 

Profhssor Hansteen’s observiationa en ; the magnet^ 
mluenoe of the aurora are peculiai^ly ^ 

st^tea, that the extsaordipary shiyeripg innviemwts of 
the needle are peirhaps never esphibited eixcept whpn 
aurora is visible f and that this disturbance seexps te 
operate at the same time in places the most widely sap* 
arated. The extent of these movements may in less 
.'^Q. jt^enty^^ hours amount to five or five and a half 
d^reasr In Buch cases, he adds, the diisturbanoe is also 
oommunioat^d to the dipping needle ^ ondL as soon as the 
crovm dfihe ais^rd qmUihBi usual place^ (the points where 
thedijpingn^dkpr^wedwouldmeetiJkeskyJ iha;tinstrfi*> 
ment moves several degrw forward, and seems to follow it# 
After such disorders, he continues, the mean variation of 
tbte: needle is wont to change, and not to recover its 
; .pmlnus magnitude till after a new and similar, disturb- 
the continuance of the aurora bcmUa> 

■■ ' ■ " 
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tbe intensity of the earth^s magnetic force seems to grow 
weaker ; for which reason the needle recedes from that 
magnetic pole where the ray of the aurora is displayed. 

The influence of the aurora borealiB on the needle has 
been studied with particular care by M. Arago, whose 
accurate and regularly continued series of observations 
on the daily changes of the magnetic needle at Paris has 
enabled him to compare these changes with the occur- 
rence of the northern light. The following is an abstract 
of his views on the subject : The appearance of an aurora 
eauaes’the magnetic needle to vary several degrees to 
the east and west of its mean position. In the region 
where it appears, luminous beams, differently coloured, 
shoot up fVbm all points of the horizon; and the part of 
the heavons where aU these beams or radiaiiens unite is pre~ 
oUefy that to which a magnetio needle directs itself when 
suspended by its centre (f gravity* M- Arago has also 
shewn that the concentric circles, which shew themselves 
almost always before the luminous beams, rest each upon 
the two points of the horizon equally distant from the 
magnetic meridian, and that the most elevated points of 
arch are exaody in this meridian* From these two 
facts he concludes that there is a relation between the 
pauses of the aurbra borealis and the motionu Of ^ the 
needle ; and; flrom observlotions made iti ^ttces 
remorteAroin edch other, he infers that the aurora acts 
Oven before it shews itself in the horizon, and that its 
influenoe is exerted at very considerable distances. In 
a subsequent paper on the subject, M. Arago shevrs that 
the acUH^ras which are visible .only in America, at St 
in Siberia, in spite of the immOndO 41^ 
tanOe whfoh us from these regions; prjaidisoos a 

dtaangOment of the magnelae ^ Phiris. 
M. -at tbet eveii the . eiivofto, of the 

southern bemisphero es^Midied toAlieia^ ta 
buthe has slnoo^mold, dial: 
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nurcrnee took placoi the phenomenon was observed also 
m the north, so that no oondusion can be properly 
deduced ftom this coincidence with the observed deraDge-* 
menta of the needle. 

M. Kupfier has confirmed by his own observations the 
first results obtained by M. Arago, and is of opinion that 
the aurora extends its infiuence to a great distance# 
When the needle was driven from its mean position by 
the influence of this meteor, M. Kupfibr couU not per^ 
ceive aaay sensible difiPerenee between the; duration of an 
oscillation at this time and at any other. He has, how- 
ever, excepted some cases where the deviation was very 
considerable ; but what was very remarkable was, that 
when the needle deviated to the east, the duration of an 
oscillation was greater than usual, whilst on the 24th 
November, 1825, when the needle deviated to the west, 
the duration of an oscillation was smaller. On the other 
hand, the dip being in the ratio of the duration of the 
oscillation,, the preceding observations seem fio prove 
that the dip diminisi^es when tbe needle deyje)tee to the 
alod i;aci^es with an easterly dev&hdW 
i the body of evidence wbieh proves 

ooulieotion between^ the aoiora and the derangement 
of the needle, it is a very remarkable fact that during 
the frequent occurrence of that; meteor at Port Bowen, 
Captaini Foster did not observe any peouliar dianges in 
ihe d^viaitiion of the needle, although, from his ; vicieity 
to .raagaetic pda, the diomAt vamtioKt. sqparetlittes 
amounted to ^ or 5°, and it was to be thftk 

slightest action of the aprofa would, under siDch oirouin<« 
stances, have been visible. From these observations 
of Captain Foster and others, the cbpdasion 

is, that there are some aurores which do uiie dbtarb^ 
while there are others which do disturb^ the tnagnetic 
needle. 

Purling Captain Back’s residence at Fort Eeliance 
(north latitude 62<* 46' 29", and west longitude 109® 0' 
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S9^') for tfw months in 1833-4, and months in 1834-5, 
the aurora occurred almost every night.* The magnetic 
needle seems to have been constantly a&cted by it, and 
on one occasion the effect exceeded eifAf degrees. 

Brilliant and active coruscations of the aurora borealis,*’ 
says Captain Back, when seen through a Bazy atmos- 
phere, and exhibiting the prismatic colours, almost 
invariably affected the needle. On the contrary, a very 
bright aurora, though attended by motion, and even tinged 
with a dullish red and a yellow, in a clear blue sky, seldom 
produced any sensible change, beyond, at the most, a 
tremulous motion. 

<< A dense or fog, in conjunction with an active 
aurora^ seemed uniformly favourable to the disturbance 
of the needle; and. a loW temperature was favourable 
to brilliant and active coruscations. On no occasion, 
during two winters, was any sound heard to accompany 
the motions. The aurora was frequently seen at 
twilight, and as often to the eastward as to the west-^ 
ward. Clouds, also, were often perceived in the day 
time, in form and disposition very much resembling the 
aurora.” 

Mr Qhristie has explained the absence of any apparent 
action of tkp Aurora, by the. supposition that 4h« appara** 
^ aotiou; and 

hi^ the opinion, that changes in the 
deyiatioa and intensity of the terrestrial forces are 
aiumitaneous with the aurora borealis.” The following 
a the method recommended by Mr Christie for 
cbserrioil^ the effects of the aurora to the greatest 
advantage* 

^ If the mkgnetio forces brought into aetfeon during an 
aurei^a are in ^dmctionof the magnetic nseridlan, they 
will affect a dl{)pvig needle adjusted tx).the plane of that 
meridian ; but the dkieotiou of an. boruK^thl needle will 
remain unchanged. On the other hand, if the resultant 
of these forces makes an angle wi<h the meridian, the 
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direction of the horizontal needle will be changed, but 
the dipping needle may not be affected. In order to 
determine correctly the negative inffuence of the aurora, 
by means of an horizontal needle, it is therefore neces- 
sary not only to have regard to those forces which influ- 
ence its direction, but likewise to those which affect the 
horizontal intensity. The effects of the former are the 
objects of direct observation, but those of the latter are 
not BO immediately observable. As, during an aurora, 
the intensity may vary at every instant, and it is these 
changes which are to be detected, the method of deter- 
mining the intensity by the time of vibration of the 
needle cannot here be applied, and other means must be 
adopted. The best method appears to noe to be that 
which I employed for determining the diurnal variation 
of the horizontal intensity, the needle being retained 
nearly at right angles to the meridian by the repulsive 
force of a magnet, or by the torsion of a fine wire or 
thread of glass. For the purpose, then, of detecting in aU 
cases the magnetio iir^kume of ike aurora, I ^hat 

two kori^ntal ueedles should be em ployed i ^otietadjusted 
iib, the DseridiBO, for d^tertnining the ebangea which may 
tedee place in £bre direetion of the horizontal force, and the 
other at r%ht angles to the meridian^ to determine the 
changes in the intensity of that force, arising principally 
frim^ new forces in the plane of the meridian, and ^whiob 

of the dipping necidto alieni^. 
delitfBlety 

itr ly nwtwteM b^der 

to rend^ efthe needle in the 

meridian more sensible, its dtrecti^ force should be 
diminished by meabs 6f two' magnets north and south of 
it, and having their B.iLe$ in the nleridlaift^ These magneto 
should be made to approepli the needle, until , it poihtB 
on either side of the meridian, and th>^, 

J3te ^ adjusted jthat the forces acting upien the Wfll 
in egidiibriaf with )Cs markisd ehd: at 
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to the east and 30° to the west of north, and also at south* 
The needle is to be left with its marked end pointing 
south, for the purpose of observing the changes occurring 
in its direction. If magnets are employed to retain the 
second needle nearly at right angles to the meridian, they 
should be made to approach its centi'e until the points of 
equilibrium are about 80° east, 80° west and south, the 
observations being made with the needle at 80° east and 
80o west. An objection to this method of adjusting this 
needle by means of magnets is, that any change in their 
temperature will have a very sensible effect on the direc- 
tion of the needle in this position ; and should such change 
take place during the observations, corrections must be 
applied to the results before any accurate conclusions can 
be drawn from them. 1 have before remarked, that this 
inconvenience will be in a great measure obviated by 
employing the torsion of a fine wire, or a very fine plum- 
met of glass to retain the needle at about 80° from the 
meridian. In this case, the ratio of the force of torsion 
to the terrestrial force acting upon the needle having 
been determined, a measure will be obtained of the 
changes which take place in the intensity of the terrestrial 
force (hiring occurrence of an aurora* It is very 
desiraU^ it ahouldb<&asQertained whether the, 

tvUh, the ; i whether these 

effisets are dependent on the preduction of beams or 
coruscations, or on the formation of luminous arches $ or 
whether any difference exists in the effects produced by 
them* . In order to determine this, it is necessary that 
,thSi/thQ9<^ .of the occurrence of the different phendmap.a 7 
and a^ i^ the. cAango^ in the directions of the needles, 
shauld be lUmurately noted; and for such observations 
three observers to be indispensable." 

It hasibeoemb a qn^tion of some importance, whether 
the electric state of the olpuds produces any effects upon 
the } and this que^^z^ has increased in interest 
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sipce the discovery of the magnetiqal effects of galvaoic 
and opmnon electricity. Mr Christie has made some 
valuable observations pn this subject. Adjusting ip a 
particulai? manner a needle between two magnets, so that 
its directive force was considerably diminished, he found 
that changes in the position of electric clouds were 
accompanied by changes in the position of the needle. 
Captain Sir Everard Home also observed, that,, in two 
instances, a vibrating needle came sooner to rest during 
a thundeE-storm than it did either before or after it. The 
number of vibrations was reduced in one case from 100 
to 40, and In another ftom 200 to 120. 

An analogous fact was observed by Captain Back, In 
1883, at Fort Alexander, at the southern extremity of 
Lake Winnipeg, where a “considerable alteration ap- 
peared, both in the number of vibrations, and the point 
at which the needle finally rested. A second time 
shewed a similar discrepancy. The reason of this pecu^ 
liarity I coul^ divine, untU^bnutanhour afterwards, 

, wtien snnm anivex^.ftim .the and 

bad jiie« 

slcy,ovbr ibre und^webt 
no visible: the same, sultry aspect .as it 
had done most of tbeforenoon.*’t 

Xbe view, which have given, in a subsequent sectior^ 
of the magt^tic conditon of our atmosphere, arising ftrom 
tW disseralnatipn of ferruginous other me- 

taljkx endbieaus to give a jatis^toi^ 

of tbfijgnneca) pbeh^ of th^ aumca^ of its act}, on on 

the needle> andof fhe clrcumsjtances wider whk^ it will 
■ affect or not affept its stability. That there is magnetic 
matter in the atmosphere is indubit^le, and that this 
matter may be Imated by the electricity of the atmo-* 
sphere,, so as to give out light of different colours, and 
may have its magnetic influence increased or dimmifhed 
by this electrical action, as wpll as by ordinary clmnges 
of Arctic 
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of temperature^ cannot be doubted. When the magnetic 
forces are in a state of equilibrium, the needle will take 
its mean position, subject only to those diurnal changes 
which arise from the action of solar heat. But when the 
magnetic matter is exposed to the electrical agents which 
exercise so powerful an influence on the regions of the 
clouds, when the ferruginous matter, and the other 
metallic vapours which accompany it, are rendered lum- 
inous by the transmission of the electric fluid, and when 
the magnetic matter has its induced magnetism either 
diminished or increased by this cause, the resultant of the 
forces which act upon the needle must be changed, and 
motions regular and irregular, easterly and westerly, or 
in any given dhection, dommunicated to a needle freely 
suspended by its centre of gravity. A local displacement 
of ^e magnetic matter, by the various causes which are 
constantly disturbing our atmosphere, or local and limited 
electric action, must necessarily affect such a needle ; buit 
it is easy to conceive that those local and limited actions 
may be such as to balance each other, and not change 
the direction of the resultant force which acts either upon 
a horizontal or a dipping needle. Nay, it is easy to con- 
ceive a general difiijsion of electricity, capable ofillumi^ 
attng the zns^r with such petfect equatit^ 

without at M affecting any 
needle^ however baiailced or suspended ; because the 
electrical influence may not change the direction of the 
resulting forces which give the needle its mean direction. 
In such a case, however, it is probable that the magnetic 
k)dsiac%; might be increased or diminished during the 
bfseteb an electric state of the magnhdo ' 

adbpt die 

we bWy 4^ are auroras 

which dlsauib^^ wh^. da bot diaiurb, !the 

needle. , , ■ vi' ' ' '' 

In order to on this sub- 
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ject, let US suppose our maguetic atmosphere to be 
undisturbed by any cause, and that the needle in every 
magnetic meridian rests in a state of perfect equilibrium 
in its mean position. Let us now suppose that the mag- 
netic atmosphere is disturbed in east longitude 90° and 
latitude 0°, either by a change of temperature, or by 
electric action, or by any cause which displaces the 
magnetic matter from that meridian, or accumulates it 
there. Such a change must necessarily affect the hori-< 
zontal roa^etic lieedle in all places to the east and west 
of it ; but it will not affect the horizontal needle in the 
meridian where it takes place, or in the opposite meridian, 
as the resultant of the magnetic forces, though they may 
be changed in intensity, will not be changed in direction. 
In like manner, if various discharges take place simulta- 
neously or successively, there will be certain places where 
the direction of the resultant forces is not changed, and 
other places where the change of direction is a maximum. 
An universally suspended needle, however, will have its 
direp tion ^ways changed, unless, when the disturbing 
,ca^e the direction of its axis, dr in a plane perpen- 
axis^^ lienee, then, it is easy to under- 
stand (bay, the fact is a necessary result of our hypo- 
thesis) why there are auroras which disturb and auroras 
whibl^ . do not duturb the needle, why distant auroras 
whea nd^er ones ^ hot, apd why the .heedle is 
in a shiyeHbijig pr; ponstahtly ogcillpting staite during 
aurorSis In ! whkh fhe : fAapes . w^ere idjtmd-i 
sphere is (H^feed in the 

same mdnner, we may abcd^lfb^ t^e Influence on the 
needle, observed by Sir EJverard Home and Captain 
Back, during the prevalence of a thunder-storm, while 
the electricity of the atmosphere destroys by its action 
thd tneq^netic equilibrium, when this action is not cotn- 
pehspldd by an equal ona on the opposite side of the 
' ^(ib^etic meridian. When such a compensation 

needle will not deviate from jits mean posl^n. 
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though the number of its vibrations in a given time may 
be altered. 

Among the other causes which have a tendency to 
disturb the magnetic needle, we may enumerate earth- 
qi^akes and volcanic eruptions, all of which are accom- 
panied in general with electrical phenomena. In 1767, 
Daniel Bernoulli observed the dip of the needle to 
diminish half a degree during an earthquake ; and De la 
Torre observed changes of several degrees in the variation 
of the needle during an eruption of Vesuvius. 

Sect. II. — On th^ Dip or Inclination of the NeedUe, 

The dip or the inclination of the needle is, as we have 
already had occasion to observe, the angle which a well- 
balanced needle forins with the horizon after it is rendered 
magnetic, and when it has the power of free motion in 
the plane of the magnetic meridian, as shewn in fig. Sft, 

Fig. 65. 
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where NS is the needle balanced on a horizontal aEiSj at 
right angles to its length. 

The dip of the needle, like the variation, has different 
values in different parts of the globe ; generally speaking, 
being nothing, or horizontal, near the equator, and 90^, 
or perpendicular to the horizon, at the magnetic poles. 
The line passing round the globe near its equator, in every 
part of which the dip is nothing, is called the magnate 
eguatOTy whidi is a very irregular line, crossing the equa- 
tor at points, as shewn 
in the annexed figure, where _ 

the black line E E is the real 

equator, and the dotted line ^ 'N. V 

Ml^TM the magnetic equa- 
tor, which is seen to cross the 
other at four points, in place of two. 

The general inclination of the magnetic to the terres- 
trial equator is about 12°, its principal intersections or 
nodes being placed in 1^3° 14' west longitude and 66° 
46' e^t longitude from Qreenwioh; and it b a lolorably 
regular line throughjoat one half of its cirducti£bti^e in 
tlie,^apifefln4'^ dbe^ssibg ihe ob- 

seryntioito made hy tiook and others in the South S^a, 
M. Biot has shewn that the above elements are incorrect 
every where beyond the western node, between 1 15° and 
27{)° weft longitude; and he concludes that lietween 266° 
and^l0° ;6O' of west longitude it again cuts the terres- 
trMe}|ui^ at l^t once, which , renders b naoefisary 
that it ent.jt srnother time near the east coast of Asia, 
provided it is found in the Atlantic Ocean or the south 
latitude. Hence there will be at least three nodes, and 
perhaps four, as shewn in the preceding figure. This 
singnlar infiexion of the magnetic equator in the South 
Sea has been confirmed by the more recent observations 
of M. Freyoinet. 

The exact position of these nodes, and th^i ttue form 
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of the magnetic equator, have been determined with 
great care by M. Morlet and M, Hansteen. There are 
some slight differences between their results, which have 
been pointed out by M. Arago, in the following excellent 
summary of the results of their inquiry. Both Morlet 
and Hansteen place the magnetic equator wholly to the 
south of the terrestrial equator, between Africa and 
America ; its greatest southern latitude being at 25®, one 
node is in Africa, in about 22® of east longitude, or in 
according to Morlet. In setting out towards the east 
from this node, which is nearly in the centre of that part 
of the African continent, the magnetic equator advances 
rapidly to the north of the terrestrial equator, quits 
Africa a little to the south of Cape Guardafui, and in 
the Arabian Sea it attains its most northerly latitude of 
about 12°, in 62® of east longitude. Between this meri- 
dian and 174° east, the magnetic equator is constantly 
to the north of the equinoctial line. It cuts the Indian 
peninsula a little to the north of Cape Comorin, traverses 
the Gulf of Bengal, making a slight advance to the equi^ 
noctial, from which it is only 8° distant at the entry of 
the Gulf of Siam. It then re-ascends a little to the 
north, almost touches the north point of Borneo, traverses 
the isle of Pmgua, the strait which separaies the ismst. 

Philippineii^ from the is^ of 
ailid the meiddian of Naigkm it ^ain reaches the 
north latitude of 9®* From this point it traverses the 
archipelago of the Caroline Islands, and descends rapidly 
to the equinoctial line, which it cuts, according to Morlet, 
in 174?, and according to Hansteen in 187°, of east longin 
cujdie. ^ere is much less uncertainty respecting^ the 
posMon of o second node, also situated in the Paoiffc 
Ocean. Its west longitude ought to be about 120° ; but 
while M. Mbriiefe inquiries lead him to conclude that 
the magnetic equator merely touches the equinoctial at 
that point, and tiien bends again to the south, M« Han- 
Steen makes it cross the line into the northern hemisphere, 
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and continue there through an extent of 15^ of longitudei 
and then return southward, and cross the equinoctial 
again in about 108^ of west longitude, or 23° from the 
west coast of America. This discrepancy between the 
deductions of Morlet and Hansteen is> after all, very 
trivial ; for, in the case just mentioned, the niagnetic 
equator does not go more than to the north of the 
equinoctia}; and, in general, the magnetic equ^tpr of 
difiers in no part so much ^ 2° iii from 

thajt i'HahSjbeen. - "/ . 

magnetic equator thus traced orer fbe globe has 
a imoffain from east to west, in so far as can be determined 
by direct observations on the position of its nodes. The 
two nodes of Hansteen, corresponding to the tangent 
node of Morlet, are divided between 108 ° and 126° of 
west Jongitude. In 1819, M. Freycinet found, on board 
the Uranie, that this node was in 132° of longitude ; and 
Captain Sabine found that the node in Africa, which was 
far from the coast in 1780, had advanced from east to 
west even to the Atlantic Qcean. ;.M. M^lct had indi- 
catetL vritb some distrust, this motiop of tW 
bqueiw; and 1^ considered it probable that its ^rm and 
position i^gidated the direction of the annpal variations 
of the needle. He found that the dip of the needle 
diminished wherever the motion of the equator tended 
to ^diminish the magnetic latitude, and that it increased, 
contrary, wherever the magnetic latitude was 
result which was mw&medl biy 

I 

fijivob baid be^ ti^wa <w o^eot of t'erres- 
trial magnetism, but particularly on the form and motion 
ef tha magnetic equator, by the observations of Qaptain 
Duperrey, made on board the CoquiIle> in the y^ars 
1822*^1625. This vessel crossed the magnetic equ^r 
six tib^, and M. Duperrey was able to de^roaW 
dijir^ly two of its points, situated, in the Atlautie Oqeai:!. 
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On the chart of M. Morlet, and in that of Hansteen, the 
latitude of those parts which correspond to the same 
longitudes are greater by 1° 43^ and 1° 60' ; and hence 
M. Arago has concluded that the magnetic equator has 
apprpached the terrestrial equator by the same quantities. 

In the South Sea, near the coast of America, M. Duperrey < 
has determined two pomts of the magnetic equator. 
On the charts of Morlet and Hansteen the latitudes of 
these points are about a degree smaller, but the diffe- 
rence is in a direction contrary to that which was found 
in the Atlantic Ocean ; from which it follows, that, near 
the coast of Peru, the magnetic equator has removed 
from the equinoctial line. 

In disousBing the magnetic observations made on board 
the Coquille, M. Duperrey has traced the form of the 
magnetic equator with an unexpected degree of accuracy ; 
employing the formula of Barlow, which make# the! 
tangent of the magnetic latitude equal to half the tangent 
of the dip, and making one only of dips which do hot 
exceed 30^ Having obtained the magnetic latitudes of 
the places where the observations were made, be deduces, 
both from t»hese and from the variation of the needle at 
the san^e. place, the changes in longitude and latitifde, 

geographical posaitioh^ 
of the stations, givh him the co^irdipaitea of the corres- 
ponding points of the magnetic equator. By means of 
this method, and relying only on his own observations, 
he has traced a portion of this curve through an extent 
of 247^ of longitude, comprehending the Atlantic Ocean,' 
a part of South America, the great equinoctial Ocean, 
Asiatic archipelago, as for as the western ex;tre- 
mity of idfutd of Borneo. In prolonging the magnetic 

equator to the east^ be has used the observations of 
Captain Sabine. in .1392, ^made in the island of St Thomas, 
in the Gulf of Guinea. Between the west of Borneo 
and the north of Ceylon, he availed himself of the obser- 
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in 1827, by M. de Blosseville, in the 
Ch^ette. Adopting Captain Sabine's determination of 
ope of the nodes of the magneti^'^ equator, which he 
places 8° 20' to the east of the meridian of PariS) tuxt far 
from the west cpast of Africa, M. Duperrey shpws that 
this equator, after resting at this node, rises to the north, 
traverses Africa, and reaches probably the fifte^nlh 
degree of north latitude, in the Red Spa (as rapj^a^s 
from an observation made by Pantin in the of 
Socotra m 1776.) It then descends a little to the south, 
to join a point in it fixed by M. Bibsseyille in the north 
of Ceylon. From these facts it appears, that the mag- 
neiic e^tiiator will meet the equinoctial line only in two 
pointSf which are diametrically opposite^ the one situated 
in the Atlantic Ocean, and the other in the great ocean 
nearly in the plane of the meridian of Pam. When this 
equator meets only some scattered islands^ U recedes only a 
Utde from the equinoctial Ipe, When the islands are 
nwTB n^n^ous^ recedes farther ^ md tV reaches its 
d^iedian in both hemisphetes ^ tm 

gr^, etspietessle vgldok it traverses. Be fcumf abo, that 
- bi^^wem idb and southern halves qf the magnetic 

equator, there is a symmetry very remarhahU, aud much 
mere perfect than had been preciously believed. These 
laid down by M. Duperrey in a chart of the 
vegione, published in the 4nn. de Chimie fpr 

the 
th^ itnee 

of equal ia his ohart aVeeiy rj^fbrred to. These 
lipea are- pearly parallel to the magnetic equator, till we 
reach 60° of north latitude, apd they then begin to hetwl 
the Americap magnetic pole, which Gomeie^ef 
./ {^se ’fi>u[nd to be situated in north latitude 7Q° 4' 

'^®siiJojagUude 96° 46' 4$'', ^e needle bavit^^ at 
f, : iaa , Boothia lost whoJUy ith 
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power, and the dip being 89® 59', within a rainute of 90°. 
Had we inferred the position of the needle from the 
form of the magnetic equator, we should have placed it 
in 25® of w^st longitude, namely, the meridian in which 
the inagnetic equator advances farthest to the south, or 
about and in 76^® of north latitude, or 90? — 

Tbisi. however, as all the arctic observations prove, is 
not the case ; and we are led by the phenomena of the 
dip, as well as by those of the variation in different 
points of the globe, to conclude that every place has its 
own magnetic axis, with its own pole and its own 
equator, as already stated by Mr Barlow. 

The following table contains the best observations on 
the dip of the needl^, as collected by Professor Han- 
steen ; — 


Plaeei of Obiervatloo. 

tMp. 


Port dll Nord, 

Port du Sod, ^ . 

Stiwot)aya in Jara, 

A^iboyna, .... 
Lima, .... 
Magaetlo Equator in Peru, . 

ObfflicA. ■'i ' 

-opiir. ■ . . . ■ . 

St Antonio, 

St Carlos, .... 
Popayan, . . , , 

Santa Fo de Bogota, 

Jarita, 

Esmeralda, 

Canohana, . 

St Thom^ 

Carthageaa, • . 

OuBiana, • .. . . 

^Mexiop, , t 

'AtljtotlaHteai ' 

, % ,30? W, 0,^ h. 2^' w. F, 

Suuto. 

50' 
70 48 

25 40 

20 87 

9r 59 

0 0 
NortlL • 

, 8 ,11 

5 2i 

8 48 

18 22 

14 25 

20 47 
.20 53 

24 16 

24 19 

25 58 

80 24 

85 6 

85 15 

il 46' 

i-Biis 

1-6183 

0-9848 

0- 9832 

1- 0778 
1-0000 

',1-01^1 . 
1-0098 
1-0286 
1-0678 
1-0871 
1-0480 
1-1170 
1-1478 
1-0678 
1-0877 

, i-WM.-'.' 

1-3^166 

1-1776 
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Plooet of ObKrratloa. 

Dip. 

l&tenilty. 


XMorth. 


Yttad, .... 

70° IS' 

1-8742 

SoMeawig, . » 

70 36 

1*3814 

Copenha^D, 

70 36 

1-S072, : 

' Oderiwe, 

70 50 

1*3660 

Helcdnbug, 

70 62 

1-8782 1 

KoIdiDg, 

70 68 

1-8846 

Soroe, .... 

70 67 

1*3842 

Freidridwburg, 

70 69 

1*4028 

Aorhuus, .... 

71 13 

1*3838 

Aalborgt 

Odensmti, 

71 27 

1*3660 

71 30 

1*3666 

Friedrichabaven, 

71 48 

1*8842 

Gdttcnburg, . , . , 

71 58 

1-88-26 

Altorp, 

72 U 

1-3891 

S^oTset, .... 

72 24 

1*3735 

QuifitnniiA, 

72 27 

1*4070 

Skiebeig, .... 

72 29 

1-3725 

Ellfioen, 

72 38 

1-3340 

Helgarone, 

72 39 

1*3980 

Soner, 

72 41 

1*8885 

Cbrietiania, . . • 

73 84 

1-4196 

Ryenberg, . 

72 45 

1*4208 

Bogatod, 

7*2 34 

1*4378 

Bogatadbcrg, 

73 13 ' 

1*4195 

Nasoden, 

' 73 2 

1*4517 

Bgnim, 

72 44 

1*3902 

Bolkeajoe, 

73 IS 

1*4053 

IngoU^d, 

73 19 

1*4159 

b^onsteboe, ... 

73 S3, 

1*4186 

Diamitwu, . ' . 

73 37 

1*3771 

Maitta^ter, ' ' . 

78 44 

b4666 

UUenavang, 

73 44 

1*4260 

Gian, . , . . 

73 46 

1*4221 

Kdn^bdrg, 

^ Tomlovold, 

73 47 
73 50 

1*4144 

1*4246 

1 Bclckorvigi < 

73 58 

1*4114 

' Vang, , . . . 

73 59 

1*4808 


74 3 

1*4220 , 

I , 

74 3 

I, *42^4 , 

74 4 


, Lmerdfll, . ; . 

Slidre, ' ; • , 

^laaso, ' . ' ' ' ■ . 1 ' . 

BaYis StwitB, ,i 

68® 22' 11.86°, 30^ ^ 

Hare Island, ' , ' 

74 6 

7i 84, 
74 1 21 

83 8^ 

!3SS’ 

1*6365 ,. 

; :js2 49 

1*6406 

76® 26' n. 37 ® 12' w, , ^ , , 
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FUum of ObaarratlQn. 

Dip. 

Intonilty, 

Batting Bay, 

760 g, ji. 420 43 , „ 

76 61 - 46 26 — . 

76 4'6 - 68 20 — 

76 0 - 60 41 — , 

70 86 _ 49 16 _ 

Magnetic Pole, 

70« 6 ' 17" n. 96° 46' 48" w. 

JNortb. 
84®' 26 ' 
84 44i 
86 9 

86 0 

84 89 

89 59 

1*0169. 

1'6410 

1*7062 

1*6885 

1*6837 


The following table contains a series of accurate obser- 
vations on the dip of the needle, made in 1S29> by Baron 
Humboldt, during his journey to the Uralian and Altaian 
Mountains, and the Caspian Sea. The dip in the table is 
the mean of two measures taken with two different needles- 
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The following are some of the most recent measures 
of the dip of the needle : — 

Dip of the Needle* 

Gottingen, June 23, 1332, Gauss . 68^ 22' 52^' 
Pekin, June, 1881 . . 54 48 9 

Point Tumagain, 1821, Franklin . 86 56 9 

Fort Enterprise, 1821, ditto . 86 58 9 

Cumberland House, 1821, ditto . 84 35 0 

Ditto ditto, 1833, Back , 80 49 9 

York Factory, 1821, Franklin . 79 29 9 

New York, 1833, Back , . 73 14 0 

Montreal, ditto, ditto . . 77 49 0 

Isle d la Crosse, 1821, Franklin . 84 13 0 

Ditto, 1833, Back • 80 35 0 

Fort Chipeweyan, 1821, Franklin . 85 23 0 

Ditto, 1833, Back , 81 52 0 

Fort Resolution, 1833, ditto . . 84 30 0 

Fort Reliance, 1834, ditto . 84 24 0 

Musk ox Rapid, 1834, ditto .. . 86 13 0 

Rock Rapid, 1834, dittos . 87 54 0 

Point Beaufort, 1834, ditto . . 88 13 0 

Montreal Island, 1834, ditto . 87 45 0 

Point Ggle, 1834, ditto . • 87 26 0 

Edinburgh, ^eenhill, 1832, Forbes 71 37 0 

Reykiavikr, June 3, 1836 . . 70 4 0 


On the Progressive Change in the Dip of the Needle^ 

The dip of the needle, like the variation, undergoes'! 
t^ontinnal change, inoreasiog in some parts of the wo^ld, 
and diminishing in others. The following table shews 
the change which lias taken place in the dip at Paru^ 
from 1671 down to 1629, 
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Ytsnr, 

Dip. 

Yenr. 

Orp, 

1671 

76° 0' 

1818 . 

68° 36" 

1764 

. 72 15 

1819 

. 68 25 

1776 

72 26 

1826 . 

68 26 

1780 

- 71 48 

1821 

. 68 14 

1791 

70 52 

1822 . 

68 11 

1798 

. 69 5^1 

1823 

. 68 8 

1806 

69 12 

1824 . 

68 7 

1810 

. 68 , 50 

1825 

. 68 0 

1814 

68 36 

1826 , 

68 0 

1816 

. 68 40 

1829 

. 67 41 

1817 

68 38 


Arago. 


The following table shewa the changes of the dip at 

London since 1720 . 
Year. 

Observed. 

Computed. 

1720, 

74° 42' Graham. 

76° 27" 

1773, 

72 19 Heberden. 

73 40 

1780, 

72 8 Gilpin 

73 18 

1790, 

71 53 Hi^to. 

72 M 

1800, 

70 ‘ 36 Ditto, , 

n . 'll 

ii m 

1810, 

71 15‘ 

1818/ 

70j 84 Kater. 

70 B4 

1821, 

70 ; 3 Sabine. 


1828, 

69 47 Ditto. 

CO 

1830, 

69 38 Kater. 


- > ^ 18S8^ 

69 21 


The, last; m thd table was calculated by Pro- 

fessor BarloTf, by bis formula, Sootan. wLrztan. dip, 
or that the tangent of the dip is equal to double the 
tangent of the magnetic latitude. 

The progressive variation in the dip of die needle is, 
as M. Humboldt has shewn, the necessary consequence 
of a change in the magnetic latitude, arising firom the 
motion of the nodes of the magnetic equator modified 
by the form of this curve ; and M* Morlet has applied 
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iTie same principle to account for the variations of the 
<lip in different parts of the globe. 

Humboldt and Ariigo have endeavoured to deduce the 
annual diminution of the dip occasioned by the motion 
of the magnetic equator. By comparing the observations 
of 1778 and 1810 for Paris, the annual diminution was 
about 6', whereas, from those of 1820 and 1825, it 
appears to be only 3'*3. The observations at Turin from 
1805 to 1826 give 3''5, and those of Florence 3' *3. 

Besides the progressive variation of the dip, Hanstecn 
has found, from a series of observations made with a 
dipping needle by Dollond, that the dip during the Sum- 
mer waa about fifteen minutes greater than during the 
winter, and about four or five minutes greater in the 
forenoon than in the afternoon. 


Sect. III. — On the Intensity of Terrestrial M^neiUm, 

The determination of tlie intensity of the earth's 
magnetism at difiereht points of its surface, and of the 
changes which it undergoes, either progressively or at 
different times of the duy and different seasons of the 
year, has .beoot^0 0ne of th^ '^eiost important practical 
problems with the ‘^ysical condition of the 

glob0. f '' 

The method of determining tlais important element by 
the number of oscillations of the needle was first sug- 
gested by Graham, and brought to perfection by Cou- 
lomb, Humboldt, and others. If a needle whose axis of 
passes through its ceutte of gravity, and 
which hes its north polar and south polar magnetism 
equal, and . similarly distributed, is made t;o vibrate by 
turning it iVdni allowing it to receive 

that position by a sdriee of osoiUat^ons, It, is obvious that 
the earth’s maghetism acts ytith equal f^rce on each halfi 
and that both these forces h> the needle into 
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the magnetic meridian. The greater the magnetic forcev 
the more quickly will the needle oscillate and recover 
its primitive position. The needle is, in short, in the 
same circumstances as a pendulum, oscillating by the 
action of gravity ; and, as in this case, the- forces are a& 
the squares of the number of oscillations made in the 
same time* 

Let us now suppose, to take the simplest case, that 
we make tbo dipping needle oscillate in the plane of the 
magnetic noericfian, round the line of the <£p, ai>d that 
when the experiment is performed' at the equator, the 
number m a second is 24, while in another place it is 
25 ; then the intensities of the magnetic force at these 
places is as 25® to 24®, or as 625 to 576, or as 1*085 to- 
1*000. By carrying the same needle to different part® 
of the earth, the magnetic intensity at these places will 
be found from the number of its oscillations* 

In the application of this method there are various 
practical difficulties, particularly the necessity of its 
resting upon knobs, edges of steel, or agate> during its 
oscillation^ which do not exist if we make ar needlb^ 
oscillate hori^ntaHy when suspended by a fine fibre of 
silk. This latter method has, therefore, been the one 
universally employed, though a little calculation ii 
necessary to obtain the in tensity of terrestrial magnetism, 
from the number of oscillations which are performed. 

Let N S be a magnetic needle suspended horizonitally 
by a fibre of silk P, and let N C , Fig* §7* 

be the line of the dip, ot , . JP 

A N C =3 D the dip itse)^ 

Then if F is the force of ter-* 
restrial magnetism acting upon 
the oscillating needle, and 
tending to bring it to rest, we 
may decompose this force into 
two, viz. one, M B, acting In a 
tc^rtical directibn, and which. 
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being counteracted by the suspended force, has no ten- 
dency to affect the needle ; and the other, N A, acting 
horizontally, and tending to direct the needle, and cause 
it to oscillate. This force N A is the cosine of A N C, 
the dip D. Hence the force N A will be equal to 
F X cos. D- For any other place where the magnetic 
intensity is F and the dip D', the effective force will be 
F X cos, jy ; and if we call N the number of oscillations 
made in a second at the first place, and N the number at 
the second, we shall have F X cos. D : F X cos. D' = 


N*: N*, and the ratio of the magnetic intensities at the 
two places, or 

In this way, observations on the magnetic intensity 
have beeti made in almost every part eff the world, as 
shewn Jn the following table, drawn up by Professor 
Hansteen, and containing observations made principally 
by himself and his friends. The third column contains 
the number of seconds in which 300 vibrations of the 
oneedle are performed* 


Fla<io»« 

ut 

Lonff. Crom 
Feiro. 

Ttixra of 300 
OioilUtloni. 


62« 

52' 

81“ 

2^ 



mm 

wm 

20 

0 


liOi^dnp, 

51 

81 

1-7 

84 

77S-84 

IBdiiihmvh, . , 

Jjivoipo^ « , 

55 

55 

58 

22 

14 

14 

28 

43 

820-26 

801-C 

Oxford, . , . f 

51 

40 

16 

24 

779-B 

ChnstianBand, 

58 

8 

25 

48 

820-3 ■ 

. Mandal, . . . 

50 

1 

25 

0 

814-8 

; • 







56 

7 

88 

18 

7«5-8 

65 

28 

81 

28 

,778’8 , 

Stcpii, / t ' t ' >• , , . j 

52 

7 

54 


:,7W-i 


51 

51 

U : 

48 

W 
. 83 

88 j 

87 

7t«'8 
' 7M-7 

^gOB, . - 

Dantng, * i 


11 

82 

i:48' 

789-7 . 

Hi 

'■21' : 


l8 

770-4 


' ^ i 

88 

42 

766-0* ' 
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OoBlina, . 


62° 

34' 

840 

43' 

7S9"7 

Aitstiin, 

, 

52 

35 

82 

40 

762'4* 

Obristiana, 

. 

SO 

65 

28! 

26 

814-7fi 

Friedrichflliall, 

1819 

59 

8 

29 

4 

n2l'7* 


1822 





830*3 

Qaia train. 

1819 

58 

27 

29 

25 

816-1* 

1820 





815*4 

Hede, 

, 

67 

58 

29 

48 

810*8 

Gottenbai^, 

1819 

57 

42 

29 

38 

812*2* 


182Q 





812*1 

Quibille, 

. , 

56 

47 

30 

30 

791-6* 

Helaingburgh, 

1820 

56 

3 

30 

•23 

791-1* 

1820 





790-0* 

Ilelfingber, 

1820 

66 

o 

30 

18 

789-8* 

1820 





7U-b* 

Copenliagen, . 

. 

55 

41 

30 

15 

708-08 

Friedidcbsbnrg, 

. 

55 

66 

20 

58 

785-0 

Sorop, 

1820 

55 

27 

29 

4 

790-6 


1822 





700*4 

Skieberg, 


59 

14 

28 

51 

826*7 

Kongsbei^, 

1820 

50 

40 

27 

20 

84.;-4 

1821 





839*3 







O-lS-l 







837*8 


1821 





850*5 

Bolkesjb, 


so 

43 

27 

0 

834*9 

rii, : . 






036*8 

Tln^BeD, 






834*6 

OeinSs^ . 






829*1 

Intol&liuid, . 
Mfinnd, . 


59 

63 

26 

28 

833*4 


50 

56 

26 

36 

838*4 

Tind, 


CO 

0 



835*7 

MidbSen, 






036*8 

Bidg^Inaid, . 






enn-o 

WiwieWe, ' 


60 ' 

20 

56 

17 

880*8 


60 

; 60 

17 

25 

25 

25 

24 

082*8 

820*3 

Eifiord, 


(jo 




852*6 

UHonsvang, 

. . 

20 

24 

18 

840*7 

Jobnntts-Tftogon, 






848*8 

Gj GrmnndBb o&n. 


60 

3 

23 

52 

846*2 

Kaoreylgen, . 


59 

45 

23 

7 

888*2 

Flndas, . 

, 

59 

45 

22 

54 

801*7 

Siggona, 






824*2 

— . 



< 



837*4 : 

Folgerd^, 

• 

59 

48 

22 

5(7 

035^9 
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The principal intensitieB oonaputed from these obser- 
vations will be ftMmd in our table of the dip, given above. 

It is obvious from these data that the magnetic inten- 
sity increases from the equator to the poles, and the law 
of variation is shewn in the fdUowing table i — • 
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Dip of Uio Newlle. 

O'* 

25 

45 

64 

73 

76f 

81 

86 


Magnotio Intensity. 

1-0 

M 

1*2 

1-3 

1-4 

1-5 

1*6 

1-7 


M. Hansteen has projecte4 updiy a map of the globe 
the lines passing through ell the places in which the 
intensity has the same value. These lines he calls iso- 
dynamic lines^ or those of equal force, and they are, 
generally speaking, nearly parallel to each other, and to 
the lines of equal dip. 

Many valuable observations on the intensity of the 
earth’s magnetism were made during the numerous arctic 
expeditions which were sent out by the British Govern- 
ment ; but Professor Hansteen being extremely desirous 
of establishing, by direct observations of his own, the 
existence of the secondary magnetic pole, which he 
‘betteyiOd existed in Siberia, set out for this purpose, at 
the exjpense of the Norwegian Storthing, and with every 
encouragement and assistance irom the Russian govern- 
ment, The results of this expedition exceeded his moat 
sanguine^ expectations. The Russian Academy of 
hawe, in 9on8ec{uence of Professor Hansteen’g 
seiraHSScl he^ induce^ to tojeea ! interest 

which cahibiijs 

guchioxpiKrl^TeatQreV^ Russian empire : 

and the Russian government has ^tablished regular 
observatories in different parts of its vast dominions^ for 
making magnetical experiments^ The Russian . empire 
18 actually traversed by two, lines of no variation^ ai»d it 
^ is proposed to determine with groat, precision, every ten 
years? the e^ct position of thesq Jwp lines ^ iNefjr tjt^ 
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first of them, which traverses European Rusia, Peters- 
burg, Moscow, and Kasan, are situated ; and near the 
second, which passes through Siberia, is situated Riachta 
and Nizni-Oudinsk. 

The principal observations made by Hansteen in 
Siberia have been laid down in a map of the northern 

Fig. 68. 



li^iaphere by Captain Sabine, along with other obser- 
vatioifiS made by himself and Humboldt. In this map, 
of which the prefixed figure is a copy, it is exceedingly 
interesting to observe the isodynamic lines surrounding 
the two northern magnetic poles, and forming a scries 
of i?etuming curves similar to lemniscates, and wd>ich 
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may be calculated by the formula! of Sir David Brewster, 
already given in the History of Magnetism. 

In this map the American pole is situated nearly in 60° 
of N. lat. and 80° of W. long. ; and the Asiatic pole in 
60^ N. lat. and 100° of E. long. The black lines pass 
through the places where the magnetic intensity was 
observed to be equal, and the dotted parts of the same 
curves indicate the probable direction of the lines where 
observations have not yet been made. The lines round 
the American pole are laid down principally from Cap*< 
tain Sabine’s observations, and those round the Asiatic 
pole from the recent observations of Hansteen. The 
following is the account given of the different isodynam- 
ical lines in the figure, by Captain Sabine. 

The first curve, or that nearest the magnetic poles, is 
that in which a magnetic needle which performs n oscilla- 
tions in in London, performs ^he same number in 

269'"^ round the Asiatic pole. This curve contains a 
smaller space than the corresponding curve round the 
American pole, which proves the inferior activity of the 
former pole. Hansteen traced, the spnth part of this 
curve below lat. 60°, from the river Jenisei, to the 
115th degree of W« long., that is, 25° beyond the Jenisei, 
and to lat. 60°, where it takes a direction almost due 
north. 

The second curve, or that in which the same number n 
osoUlationSiare performed in 278 ^Beconds, goes round both 
the ^American and Asiatic poles, boludic^ both within 
ai:e,a. It passes to the nortb-^esf of^lviUe Islandr and 
to the Dorth-e^ of some stations •eof the west coast of 
Greenland ; and it cuts the American coast between the 
Havannah and New York. Dr Erman, who accompanied 
Hansteen into Siberia, traced the same curve from the 
embouchure of the Oby, in N. lat. 68°, and E. long. 70^, 
following the direction of the r|ver Mina as far as 6Q° N. 

'Die curve here gradually bemle t<y the .east^ and 
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after passiDg betvreen Tobolsk and Karym, it was again 
detected by IVT. Hansteen at Kainsk, a few degrees to 
the south of Lake Baikal. 

The Mrd curve, or that in which n oscillations are 
performed in 287'', is drawn on the American side, from 
observations made at the Havannah, at the Pendulum 
Isle on the east coast of Greenland, in N. Lat. 74® 5', and 
between Spitzbergen and Hammerfest, near the North 
Cape. This curve, according to Hansteen, enters Europe 
between Archangel and Nova Zembla ; and he met with 
it again between Moscow and Tobolsk, at 56^® of E. long, 
and 57i®.of N. lat. 

fourth curve, or that in which n oscillations are 
performed in 297 seconds, passes near Jamaica, where 
the oscillations were performed in 294 seconds, and, after 
traversing the north of Britain, it enters Norway to the 
south of Bergen. Advancing eastward, it passes between 
Stockholm and Tomeo, and thence by St Petersburg and 
Moscow. 

The observations of Professor Hansteen do not extend 
farther south than these lines, and therefore Captain 
Sabine has laid down in the map the lines in which n 
oscillations are performed in 308, 321, 335, 351, and 370 
seconds, from his own observations and those of Bamboldt. 
The lowest number of seconds in which n oscillations are 
performed is at the magnetic poles, where it is nearly 262 
or 263, and the greatest, 370, the time in which they are 
performed at the equator. 

We have stated that the isodynamical lines are nearly 
parallel, to those of equal dip. This is the case in 

towards the east, in Norway and Sweden, the 
lines of aqdal ^mehaity bend mora to the Out 

thefbriner ; oihd fe^se, ,i;rnder the same line of eqiiM dip, 
the intensity is weaker to the eeurt to the west. 

Hence Hansto^ has fbuhd tbait the pbie of the lines 
of equal di^i lies in 71^6f fat.; aii^l02^ of long., while the 
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pole of intensity is in 56° of lat,, and 80° of long, west of 
Paris. The 6rst of these determinations coincides very 
nearly with the pole of Commander Ross, where the clip 
was 90°, The latest observations made during the arctic 
expeditions from England, and also those by Hansteen 
and Erraan in Siberia, prove beyond a doubt the accuracy 
of the earlier conclusion of Hansteen, that the lines of 
equal intensity and equal dip are not parallel. Humboldt 
discovered the node of the magnetic equator with the 
isodynaraical curve in of S. lat., and 81° of long, west 
of Paris. He traced this last line to the west of the 
Cordilleras of the Andes, and along the coast of Peru, 
towards Kasma and Fluorroay, even to the 10th degree 
of S. lat. M. Adolphus Erman found in Siberia, that the 
isodynamic line, where the intensity is 1*60 (that of the 
equator being 100,) directs itself also from north to south 
with a slight inclination to the south-east. He observed 
this line cut almost at right angles the curves of equal dip^ 
and then descend from the north-north-west to the south- 
south-east, from Ochotsk, near the mouths of the Oby, 
to Tomsk. M. Humboldt is of opinion that the isodyna'** 
mical line and the Peruvian node of the magnetic equa- 
tor have been carried, since his voyage, from east to 
west ; and he informs us thatM. A. Erman, in the 135th 
degree of long, west of Paris, and in the magnetic equa- 
tor, found that the intensity of the magnetic forces was 
sebsibly the same as be had found thenq twenty-six years 
before bn the magtaetic equator in, P^ru^ 

As the intensity of terrestrial magnetism at different 
places is not a function of the dip at these places, and the 
isodynamic lines are not parallel to those of equal dip, it 
is probable that different points of the equator have not 
the same magnetic intensity. Having carried,” say^ 
Humboldt, the same needle or needles compared with 
them, from Paris to Mexico, to the magnetic equator in 
^eru, Ip Berlin, to Petersburg, to the shores of the 
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Caspian, and to the north of Asia, I have expressed the 
magnetic intensities at these places, by taking for unity 
the intensity which I find on the magnetic equator in 
Peru, or rather in the intersection of this equator with 
the isodynamical line of mininaum intensit}'. On this 
supposition, I find for Paris 1'3482, for Milan 1’3121, for 
Naples 1'2746. The very valuable observations of M. 
Hossel, nt Surabaya in Java, and those of Captain Sabine 
near St Thomas, 5® north of the equator, indicate that 
the magnetic intensity is less on the magnetic equator 
near the west coast of Africa (long. 40. 24. W.,) and in 
the great Italian archipelago, than in the portion of the 
magnetic equator which crosses Peru. Besides, M. A. 
Erman has observed, that on the east coasts of South 
America the intensities are much weaker at the same 
distances from the south terrestrial pole than on the 
west coasts. The intensity 1*00, found to the west of 
the new continent, on the magnetic equator in the South 
Sea, in 135° of west longitude and 1® 55' of south lati- 
tude, shews itself on the coasts of Brazil towards the 38 th 
degree of south latitude, while the dip is there even more 
than 37® south. It appears to me more probable that the 
mmimum intensity at the surface of the earth is to tho 
maximum^ not as 1 to 1*6 or 2, as has been supposed^ but 
even much beyond the ratio of 1 to 2^/^ 

Observations are yet wanting to determine in what 
manner the intensity varies with the height. Humboldt 
is of opinion that it decreases, thus confirming the dcduc’^ 
tions of Kupffer. • 

By combining alUhe observations of intensity from 179® 
to 188®, M, Hansteen has drawn the conclusion, tiat t/ie 
total intensitt/ is smaller in tfie southern ifum in 

the noriJwm hemisphere^ M. Duperrey bas confirmed this 
result Accordiog to the investigations of Biot, the 


* Sso Soot, iv» p, 
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imtural magnetic intensity, or I, is = 2 A 


■j 


1 


4 — 3 sin.* h' 


and that of the horizontal needle = 2 A V n; 

^ y + sec. *6 

d being the dip ; but these formulae presuppose that the 
earth is perfectly homogeneous, and of course they can- 
not be verified by insulated observations. M. Duperrey 
has therefore been obliged, in order to bring all these ob- 
servations into this state, to take the mean intensity of 
the terrestrial equator, and of each of the parallels of the 
globe, and to multiply the circumference of each curve 
by its intensity in order to have the total intensity, and 
then to take the mean of the total intensities of the cor- 
responding parallels in each hemisphere. In this manner 
he obtained all the points of the curve which represents 
the law of the increase of the magnetic forces from ob- 
servation. The curve thus traced, when compared with 
that which is calculated by the formula of M. Biot, does 
not deviate from it above 0*015 of the intensity, supposing 
the intensity at the magnetic equator in Peru to be 1. 
He has found also that the sur&ce of the north magnetic 
hemisphere is to that of the south one in the ratio of 
1*0000 to 1*0152, a ratio which is the same as that of the 
total intensity of tho south terrestrial hemisphere to the 
total intensity of the north terrestrial hemisphere ; and 
he hepce concludes, that tAe surfaces of the two magnetic 
are proportional to the iniejmties qf t^ two 
terf^trial heni^heres* 


On the Monthly and Daily Change of Intensity. 

The magnetic intensity, like the other elements of tar^ 
roBtrial magnetism, suffers monthly and diurnal changes. 
By means of the vibrations of a needle delicately bus- 
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pended, M« Hansteen found that the minimum of the 
daily change of intensity is between ten and eleven in 
the forenoon, and the maximum between four and seven 
in the afternoon in May, and about seven in June. The 
intensity is a maximum in December, and a minimum in 
June. The greatest monthly change in the intenstiy is 
a maximum in the months of December and June, about 
the time when the earth is in its perihelion and aphelion. 
It is a minimum near the equinoxes, or when the earth 
is at its mean distance from the sun. The greatest daily 
change is least in the winter and greatest in the summor, 
the greatest difference of the annual change of intensity 
is 0-0359. M. Hansteen has likewise found, that the 
magnetic intensity is diminishing in Europe, and that the 
decrease is greater in the northern and eastern, than in 
the southern and western parts, an effect which he con'* 
ceives to be produced by the motion of the Siberian pole 
towards the east. At port Bowen, Captain Parry ob- 
served an augmentation of the magnetic intensity to take 
place from the morning till the afternoon, and a diminu- 
tion of it from the afternoon till the morning. These 
results of Hansteen have been confirmed by Mr Christie,* 
who has shewn that the terrestrial magnetic intensity is 
a minimum between ten and eleven o’clock in the morn- 
ing, the time nearly wheu the sun is in the majgnetic 
meridiab ; that it increases from this tkne until between 
nine and ten o’clock in the evening, afrer which it de- 
creases, and continues decreasing during the morning, till 
it reaches its minimum between ten and eleven. These 
results were deduced from observations made in May,, 
vHthin doors^ to determine the positions of the points of 
equilibrium at which a magnetic needle was retained, at 
different hours during the day by the joint action of two 
bar magnets, and of terrestrial magnetism, reduced toi 
their true positions at the standard temperature (60^) of 
♦ PMl JVoM. loss, p, 40^51. 
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the magnets. As this change in the position of these 
points was produced by the change in the magnetic in- 
tensity, Mr Christie thus obtained accurate measures of 
the last of these elements by means of the formula 
M — F (-004690814 + *000829329 cos.» p) := 0, 
in which M is the horizontal part of the terrestrial mag- 
netic force, acting on the north arm of the needle in the 
line of the dip, F the force with which a pole of the needle 
is repelled from a pole of the same name of either magnet, 
or attracted towards that of a contrary name at the unity 
of distance, and p the angle which the axis of the needle 
makes with the meridian, or the azimuth of the point of 
epudibrium. y 

Mr Christie repeated his observations in the open a,ir m 
June, and from these it appears that the minimum in- 
tensity happened nearly at the time the sun passed the 
magnetic meridian, and rather later than in May, which 
was also the case with the time of the sun’s passage over 
the meridian. The intensity increased until about six 
o’ clock in the afternoon, after which it appears to have 
decreased during the evening, and to have been decreas- 
ing from an early hour in the morning. Mr Christie has 
given the following interesting view of Hansteen’s results 
and his own. 


Intensity deduced from Hnn- 
pteesn’s Otsemtioiifl in 1 020. 


Iiiteufldty deduced from Mr 
Christie’s Observations in 1828. 




110 30 
4 0 p.M 
7 0 

110 30 




^ 034 * 

iwboo 

1*00299 

1*00294 

1*00191 


June. 


Time. 


l-oo6io| 

i-ooodol 

1-00251 
1 -003041 
1-00267 


7 *.80' 
10 ^ 
4 80 
7 30 

9 80 


May. 


1*00114 

1-00000 

1*00175 

1*00220 

1*00231 


JitnV. 


1*00061 

1-00000 

1*00223 

1*00239 

1*00209 


(Ji^rence between these results is, 
ik Sfc Christie’s observations the intensity seems 

' 'I „ 1 
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to diminish more rapidly in the morniog, and increase 
more slowly in the afternoon, than it does in those of 
Hansteen. 

The following table shews the horizontal magnetic in^ 
tensity at Gottingen, as determined by Professor Gauss, 
in different months of 1832, with great accuracy. 


1832. 

Horizontal 

1832. 

t 

Horizontal 

Inteiiflity. 

Intensity. 

May 21. 

1*7820 

July 25, 26, 

1*7845 

24. 

1*7694 

Sept. 9. 

1*7764 

June 4, 

1*7713 

18. 

1*7821 

_ 24-28. 

1*7625 

27. 

1*7965 

July 23, 24. 

1*7826 

<Oct. 15. 

1*7860 


In order to obtain from these numbers the absolute 
magnetic intensity, to compare them with the results 
in Hansteen’s table, they must be multiplied by the 
secant of 68° 22' 22", the dip at Gottingen on the 23d 
Juno, 1832, 


Sect. IV. — On the Nature and Causes of the Earth's 
Magnetism. 

The ^er^ena .described in the preceding sections 
affbrd aMndant e^dence that the earth is in some way 
or other magnetic ; but what is the nature of its magnetic 
condition, or from what cause it derives its origin, are 
points which it is not easy to determine. The earliest 
and the most natural supposition is that of Dr Gilbert, 
that the earth contains within itself a powerful magnet, 
lying in a position which nearly coincides with its axis of 
rotation. In this case, the pole of this magnet, which 
acts in our northern hemisphere, must have south polar 
magnetism, as it attracts the north pole of the needle ; 
while the pole in the southern hefhisphere must have 
north polar magnetism, as it attracts the south pole of 
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the needle. That this hypothesis would, generally 
speaking, represent the ordinary phenomena of terrestrial 
magnetism, may be easily shewn by placing a bar-mag- 
net within a terrestrial globe, and observing the pheno- 
mena exhibited by a small needle suspended at its 
centre of gravity by a fine thread or fibre. As the mag- 
net is placed out of the axis of rotation, the needle in 
the northern hemisphere will always point to the north 
end of the enclosed magnet, exhibidng all the pheno- 
mena of the variation of the needle, as usually observed. 
The' general phenomena of the dip will also be exhibited, 
as shewn in the 

annexed figure, Fig 59. 

where NS is 
the direction of 
the enclosed 
magnet, shewn 
by dotted lines, 

S being the 
northern mag- 
n^c pole, and 
N the southern 
and ns, small 
needles sus- 
pended by fibres The needle has no dip at the 

equator, because each pole is equally attracted by 
correJ^bod^g: poles pf the enclosed At: the 

pol^ ASi observed iorAiem 

nmgneifo ^ ^.Iwtiidee inter- 

mediate betwe^ the magnetic equatpr and the magnetic 
poles, the dip has an intermediate value. 

In the same manner as a coitmon bar-magnet eoih^ 
tbunicates magnetism to a piece of soft iron bold near it, 
thd ^ supposed magnet in the earth communicates 
ma]^a(edi|tn to a soft iron bar held in the magnetic meri- 
\ ^a,, aii^ paria^ to the dipping needle, which in this 
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country is not far firom a vertical position k The sofl iron 
is temporarily a magnet, exactly like the sofl: bar in the 
presence of a real magnet, and possesses the very same 
properties. 

In the progress of discovery, however, it has been 
found, that the phenomena of the dip and the variation 
are more complex than this hypothesis will allow ns to 
suppose ; and in measuring the magnetic intensity in 
Siberia, Hansteen has proved that there is another mag« 
netic pole in that country, which regulates the magnetic 
phenomena. In order to account for these, we must 
therefore suppose another magnet passing through the 
globe in the direction of a diameter whose pole coincides 
with the Siberian magnetic pole. But even this addition 
to the hypothesis of Gilbert will not explain the pheno« 
mena, unless we resort to the absurd assumption of 
Halley, who gives rotatory movements to magnetic 
spheres placed in the interior of the globe. 

A more sober and philosophical hypothesis is one 
which has been long gaining ground, and which recent 
discoveries have rendered still more probable. According 
to this hypothesis, the magnetism of the earth is not 
that of a magnet) but that of a sphere or spherical shell 
of iron on which magnetism is induced. The difference 
betwe^ these two magnetic states is very great. In 
regular m^netB,tbe oentres of action are placed at their 
extremities or poles ; but in masses of iron, either hollow 
or solid, either regular or irregular, the centres of action 
are always coincident with the centre of attraction of 
the surfhe^^ pf ^be mass. When the observations on the 
varlhtloo iuc( dip of tho needle became numerdut apA 
accurate, pfai^pphers soon perceived that they 
not be explained by the action of two lapegpatlp poles *a.t 
a distance from each, otber^ Biot had i^e pierit of 
first viewing the subject iii this UgH be at length 
cabae to the,, conclusion, that the neater the poles were 
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taketk to each other, the greater was the agreement 
between the computed and observed results; and by 
assuming the two centres as indefinitely near to each 
other in the centre of the earth, the coincidence between 
observation and calculation was as great as could be 
expected. Now it is a remarkable fact, that Mr Barlow- 
discovered, as we have already seen, that such a coinci- 
dence in the centre of action actually takes place in all 
bodies which are magnetic by induction, such as iron 
spheres or shells; and he has applied this principle to 
account for the various phenomena of the dip and varia- 
tion of the needle. Almost all the philosophers who 
have since investigated the subject have adopted this 
idea ; and the only difficulty which * attaches to it is, 
where to find the cause by which the earth*s magnetism 
is induced. The following speculations on this curious 
subject are hazarded by M. Hansteen, in his work on 
the magnetism of the earth. 

<< For these reasons, it appears most natural to seek 
their origin in the sun, the source of all living activity ; 
and pur conjecture gains probability from the preceding 
r^arks on the daily oscillations of the needle. Upon 
this principle, the sun may be conceived as possessing 
one or more magnetic axes, which, by distributing the 
force, occasion a magnetic difierence in the earth, in the 
meon, and all those planets whose internal structure 
of iStich a difference. Yet, allowing all this, the 
' seems not to be overcome,, but merely 
r^oved fro)© , ^ ©y^ to at ^eatep d^tanpe | for the 
question may be stUl a^d witi equal justice, wkenc4 
did the sun acquire its magmUo fores f And if from the 
sun we have recourse to a central sun, and from 
again to a general magnetic direction throughout the 
untvejrse, having the milky- way for its equiUrpr, we but 
lengtHen an unrestricted chain, every lihk qf . which 
Aangs on the preceding link,' no one, df them on a pbiht 
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oF support. All things considered^ the following mode 
of representing ^the subject appears to me most plausible. 
If a single globe were left to move alone freely in the* 
immensity of space, the opposite forces existing in its 
material structure would soon arrive at an equilibrium 
conformable to their nature, if they were not so at first, 
and^U activity would soon come to an end* But if we 
imagine another globe to be introduced, a mutual relation 
will arise between the two ; and one of its results will be 
a reciprocal tendency to unite, which is designated, and 
sometimes thought to be explained, by the merely 
descriptive word attraction. Now, would this tendency 
be the only consequence of that relation? Is it not 
more likely that the fundamental forces, being driven 
from their stale of indifference or rest, would exhibit 
their energy in all possible directions, giving rise to all 
kinds of contrary action ? The electric force is excited, 
not by friction ^one, but also by contact, and probably 
also, though in smaller degrees, by the mutual action of 
two bodies at a distance ; for contact is nothing but the 
smallest possible distance, and that, moreover, only for 
a few small particles. Is it not conceivable that magnetic 
force may likewise originate in a similar manner ? When 
the natural philosopher and thp matberpatician pay 
regard tp no other effect of the reciprocal relation 
betwe^ tw^o bodies at a distance, except the tendency 


to unite, they proceed logically, if their investigations 
require nothing more than a moving power ; but should 


it maintained that no other energy can be developed 
betwe^ two such bodies, the assertion will need 
and the pf-oof will be hard to find* ' 

^ l reckon it pessible, therefore^ thal;, by 
tnutual relatione, sube^ting between 
pia^ete, os w^ fm , 

globea , whose, 
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tion dependiog on the position of the rotatory axes with • 
regard to the plane of the orbit. Each of the planets 
might thus give rise to a particular magnetic axis in the 
sun ; but as their orbits make only small angles with the 
sun*s equator and each other, these magnetic axes would, 
perhaps, on the whole, correspond with the several rota- 
tory axes. Such planets as have no moons would, on 
this principle, have but one magnetic axis ; the rest 
would, in all cases, have one axis more than they have 
moons, if those dififerent axes, by reason of the small 
angles yvhich the orbits of their several moons form with 
each other, did not combine into a single axis. The 
conical motions by which the rotatory axes of the planets 
are carried round the pole of the ecliptic fthe precession 
in the earth,) joined to the revolving motion of the 
orbits about the sun’s equator, (which occasions the 
present diminution in the obliquity of the ecliptic,) 
might, perhaps, in this case, account for the change of 
position in the magnetic axis. It would greatly 
strengthen this hypothesis, if the above great magnetic 
period, ailer the lapse of which both axes again assume 
the same position, should in fact be found to coincide 
with the period of the precession, which, however, seems 
a little doubtful.” 

Such was the state of speculation on this part of the 
subject when Hansteen published his work on the mag- 
of the earth. The poles of our globe were then 
regarded Rs the coldest parts on its surface ; and no 
Gonj^ctuFf even had been liazarded reg^djng the con- 
nection between the phenpijneQa, of terrestrial tempera- 
ture and terrestrial magnetism, till Sir David Brewster 
proved, from an immense number of meteorological obser- 
vations, that there were in our northern hemisphere two 
poles of maximum cold ; that these poles coincided with 
the, magnetic poles; that the circle of maximum heat, 
like fte magnetic equator, did not , coincide with the 
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equinoctial line ; that the isothermal lines, atid the lines 
of equal magnetic intensitj, had the same general form 
surrounding and enclosing the magnetic poles and those 
of maximum cold ; and that, by the same formula, mutaHs 
miUandiSi we could calculate the temperature and the 
magnetic intensity of any point of the globe. These 
views we have referred to more fully in the history of 
magnetism. 

The monthly and daily changes in the intensity of 
terrestrial magnetism, and in the dip and variation of 
tlie needle, had led Canton and others to ascribe these 
changes to the action of the sun ; and Captain Duperrey, 
in bis paper on the magnetic equator, has ascertained, 
that the points of this great circle, or those where the 
magnetic intensity is a minimum, are also the warmest 
points of each meridian, or that the thermal and the 
magnetic equator are connected, as we had already 
proved to be the cose with the thermal and magnetic 
poles. Captain Duperrey likewise attributes the dilFe- 
rences in the magnetic intensities of dififeront places tu 
their difference of temperature ; and lie remarks, that in 
comparing the isothermal and the isodynamic lines, he 
has found a remarkable analogy in their curvatures, and 
particularly in the direcdon of their concavities and 
convexities. In support of these views, Captain Duperrey 
refers to the changes in the daily variation, as following 
the movements of the sun; and he infers that the 
southern hemisphere of our globe is a degree colder 
than the northern hemisphere. 

But though it is now placed beyond a doubt, that the 
phenomena of temperature and magnetism are closely 
connected, and that the latter are powerfully induenood 
by the former, yet various questions arise, which it is 
very difficult to answer. 

1. Have tlie phenomena of terrestried magnetism an 
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electric origin ; that is, is the magnetism developed by 
electrO'magnetic or thermo-magnetic causes ? or, 

2. Are the phenomena owing to the diffusion of iron 
or other magnetic metals through the solid mass of our 
globe, in which magnetism is induced by some exterior 
cause ? 

The electro-magnetic hypothesis, which was first 
stated by Sir David Brewster, has been ably supported 
by Professor Barlow, in a recent paper, (P/nl. TVans, 
1831) On the probable Electric Origin of all the Pheno* 
mena of Tetresirkd Magnetism ; in which he considers it 

probable, that magnetism, as a distinct quality, has 
no existence in nature.'* As all the phenomena of ter- 
restrial magnetism can be explained on the supposition 
that the magnetic power resides on its surface, it occurred 
to Mr Barlow, that if he could distribute oover the sur<« 
face of an artificial globe a series of galvanic currents, in 
such a way that their tangential power should every- 
where give a corresponding direction to the needle, this 
globe would exhibit, while under electrical induction, all 
the magnetic phenomena of the’eartih upon a n^dle 
freely suspeiided above it^ He accordingly put this idea 
to the test of experiment in the following manner : 

« I procured,” says he, a wooden globe sixteen inches 
in diameter, which was made hollow for the purpose of 
reducing its weight ; and, while still in the lathe, grooves 
were- Out to represent an equator, and parallels of latitude 
at every. 4j|i^ oaOh way frOm the equ^oT. tO thOr jpol^s> 
these grooves were about an eighth of on and 

broad ; and lastly, a groove of the same breadth, but of 
double the depth, was cut like a meridian, from pole ter 
pole, half round. These grooves were for the purpose 
of laying in the wire, which was effected thus s The 
middle of a copper wire, nearly ninety feet long, and one 
tenth of an inch in diameter, was applied to the equar 
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torial gr.Q 0 V 6 | so as to meot in the transverse meridian ; 
it was then made to pass round this parallel, returned 
again along the meridian to the nest parallel; then 
passed round this again ; and so on, till the wire was thus 
led in continuation from pole to pole. 

The length of wire still remaining at each pole was 
boiind with varnished silk to prevent contact, and then 
returned from each pole along the meridian groove to the 
equator. At this point, each wire being fastened down 
with small staples, the wires for the remaining five feet 
were bound together to near their common extremity, 
where they opened to form two points for connecting the 
poles of a powerfhl galvanic battery. 

<< When this connection was made, the wire became of 
course an electric conductor, and the whole surface of the 
globe was put into a state of transient magnetic induction, 
and consequently, agreeable to the laws of action above 
described, a neutralized needle freely suspended above 
such a globe would arrange itself in a plane passing from 
pole to pole through the centre, and take different angles 
cf inclination, according to its situation between the 
equator and either pole. 

«In order to render the experiment more strongly 
represi^tative of actual state of earthy the ^g^be,, 
in the st^e CoverSdhy thegotesof 

B common globe, wa^ laid on so os to bring the 
poles of this wire arrangement into the situation of the 
earth's magnetic poles, according to the best observations 
we have for this determination. I therefore placed them 
in latitude 7^^lK)rth and 72^ south, and on the meridian 
corresponding with longitude 76° west, by which meana 
the magnetic and true equators cut oneanother.ln about 
14^ east, and 166® west longitude. 

^ The globe being thus completed, a delicate needle 
must be suspended above it> neutralized from the effect 
of the earth's magnetism, according to tho principle I 
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employed in my observations on the daily variation, and 
described in the Philosophical Transactions for 1823 ; by 
which means it will become entirely under the superficial^ 
galvanic arrangement just described. Conceive now the 
globe to be placed so as to bring London into the zenith, 
then the two enda of the conducting wire being connected 
with the poles of a powerful battery, it will be seen im- 
mediately that the needle, which was before indifferent 
to any direction, will have its north end depressed about 
70°, as nearly as the eye can judge, which is the actual 
dip in London ; it will also be directed towards the mag- 
netic poles of the globe, thereby also shewing a variation 
of about 24° to 25° to west, as is also the case in London, 

If now we turn the globe about on its support, so as to 
bring it to the zenith places equally distant with England 
from the magnetic pole, we shall find the dip remains the 
same ; but the variation wiM continually change, becom- 
ing first zero, and then gradually increasing to the east- 
ward, as happens on the earth. If, again, we turn the 
globe so as to make the pole approach the zenith, the 
dip will increase, till at the pole itself the needle will 
become perfectly vertical. Making now this pole recede, 
the dip will decrease, till at the equator it vanishes, the 
needle becoming horizontal. Continuing the motion^ 
and approabhing the south pole, the south end of the 
needle will be found to dip, increasing continually from * 
the equator to the pole, where it becomes, again vertical, 
but reversed as regards its vertioality at . the north 
pole.*'' ,, ' ' 

Although the artificial globe represents very exactly 
on a small scale all the phenomena of terrestrial magnet-* 
ism, and although, as Mr Barlow says, he has proved 
the existence of a force competent to produce all the 
phenomena, without the aid of any body usuaUy called 
magnetic ;** yet he acknowledges that « we have no idea 
how such a system of currents can have exist^ce on the 
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earth, because, to produce them, we have been obliged 
to employ a particular arrangement of metals, acids, and 
conductors.*’ The discovery of Dr Seebeck, however, 
that the mere application of heat to a circuit composed 
of two metals,* is capable of developing the magnetic 
effects above described, is regarded by Professor Barlow 
as bringing us a step nearer to an explanation of the 
earth’s magnetism, by referring us to the sun as the great 
agent of all these phenomena, and he conceives that only 
one link is wanting to complete the explanation. This 
link, however, is a very important one, and we are just 
as much puzzled to discover the metallic tbermo-maguetic 
apparatus, as we are to discover the electro-magnetic 
one. If it could be shewn that the action of solar heat 
ts capable of developing magnetism in particles such as 
those which are known to constitute our globe, the great 
difficulty would be re'tnoved ; but until this is done, we 
are disposed to lean to the old though not yet exploded 
notion, that terrestrial magnetism is the effect of mag^ 
fietic or ferruginous materials, which are disseminated 
through the mass of the earth, or throughout its atmo- 
sphere. This leads us to consider the second question 
relative to the origin of terrestrial magnetism. 

Are the phenomena owing to the diffusion of iron or 
other magnetic metals through the ;BoUd mass of our 
globe, on which magnetism is induced by some exterior 
cause ? 

In so far as our knowledge extends, iron and other 
magnetic metals are not so regularly diffused as to pro** 
duce the magnetic phenomena ; and we are not entitled 
to asBunla the existence of any regular metallic nucleus, 
or regul^ arrahgepatent of metallic strata, capable of pro^ 
ducing that uniform^' action on the magiietic neeclle which 
is indicated by the regularity of the isodyuamical lines, 

* Mr Sturgeon of WooWdh liaa prodtioa^ idriiiJar "by the appU- 
«ation of bBat to only oao aietel, yis« a rectangle of bUnantli only. 
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or those of equal magnetic intensityi That there are 
actual magnets within the crust of our globe, and abun- 
dance of ferruginous matter capable of producing locally 
magnetic phenomena, cannot be doubted ; but the action 
of these two classes of bodies is regulated by different 
laws, and we can only regard them as exercising a dis- 
turbing force in rendering irregular the action of some 
more general cause* If the ferruginous matter which 
produces magnetism is situated near the surface of the 
earth, we should expect a diminution in the intensity 
when the needle is made to oscillate above the deepest 
parts of the ocean, where the solid crust may be many 
miles distant. If it Is, on the other hand, deeply seated, 
the intensity ought to diminish greatly as we ascend in 
balloons, or to the tops of our highest mountains ; but none 
of these effects are obsevved, and it becomes therefore 
very improbable that the magnetic phenomena are pro- 
duced either by ferruginous matter mar the suffaoe^ or 
far removed from iu 

But though we cannot find the seat, or rather the 
intermedium, of terrestrial magnetiku in the bowels of 
the^ eartb, may we not, as a last resource, seek for it in 
our atmosphere f It appears to be demonstrated by the 
experiments of Fuslnieri, of which we have given a full 
account in our article on Elegtrioxtt, that metals, and 
partioularfy iron, exist in a state of vapour in our atmo- 
sphere : and hence we have a regular hollow shell of 
magnetic matter enveloping the earth, and capable, when 
magnetism is induced upon it by an exterior cause, of 
producing all the phenomenra of terrestrial magnetism^. 
In its undisturbed state of equilibrium, this magnetic 
atmosphere will act upon the needle, according to the 
Jaws which Mr Barlow found to regulate the action of 
an iron sphere or shell ; but these laws will be modified 
by those which regulate the thermal slate of the globe, 
and will be disturbed by sudden changes of teipperature^ 
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and by the various electrical agencies which exercise so 
powerful an influence over the meteorological condition 
of the atmosphere. The more violent disturbances of 
electrical equilibrium will fuse, and throw down in the 
form of meteoric stones, the metallic vapour in their 
vicinity. Inferior electrical actions will render their 
progress visible in the form of lightning and fiery meteors, 
arising from the heated state of the metallic particles ; 
while still feebler electricities will, by their accompanying 
heat, produce the sheets of summer lightning, and the 
more continued and shifling phenomena of tho aurora. 
Hence the electric sounds and other accompaniments of 
the aurora ; hence its connection with the magnetic pole 
and equator ; and hence the disturbance of the needle, 
or the Tna^vieiic Aurricmtes, as Humboldt calls them, 
while the regular action of the metallic atmosphere is 
disturbed during the prevalence of the aurora, or of 
thunder storms. These views receive some support fVoin 
the observations of MM. Gay-Lussac and Biot, from 
which it appears that the intensity of terrestrial magnet* 
ism is not diminished at the height of 13,000 feet above 
the earth ; and Mr Hen wood found the magnetic inten- 
sity as strong 710 feet above the level of the sea, as at 
the botMn. of a mine 950 feet below the same leveh 
Kupffer; on- the. authority, we believe, of a single obser- 
vation, has given an opposite opinion ; and Saussure con- 
ceived that the intensity was less on the Col de G^ant 
than at Geneva, but the numbers which he gives actually 
authori 2 e the opposite conclusion. 

FjDdmfK series of observations made in July 1830, by 
M 4 QUetelet, in Switzerland, it appears, that in place qC 
the ilQtensiiy dubinUhing with the height, it actually In* 
creases, the iooreasjo taking place ^ailually {with, the 
exception of Bonnevillo) in asoeoding; fi'bm Geneva to 
the Col de Balm^, as. is shewn in the table : 

.m3 
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Horizontal Intensity^ 


. Geneva 1-0805 

Bonneville 1-0765 

Sallenches ,.1-0815 

St Gervais 1-0861 

' Yaudagnea 1*0684 

Servoz 1*0872 

Mer de Glace 1-0885 

Chamouni.. 1*0935 

Col de Balme 1*0917 

Martigny 1*092L 

Hospice St Bernard ..1*0966 

Simplon village 1-0987 

Domodossolo 1*0997 


But an argument of still more weight may be derived 
from the admitted fact, that ^powerful source qfniagnet-- 
ism actually exists in our atmosp^te^ and that the south 
pole of the needle has a distinct connection with the 
source of this magnetism. This source of magnetism is 
the aurora horealU^ and the south pole of the dipping 
needle points' to the* focus to vrhich the beams of the 
aurora converge. These beams act as magnets^ as tve 
have seen in a previous section ; the action of our mag- 
netic atmosphere, when undisturbed by any other cause 
but that of temperature, tends to< 6x the needle in a 
specific direction, which varies within certain limits, de** 
op the ordinary changes of temperature ; but 
When tiM ^ magnetUm of the a^n^splifere U, dte- 

tuihed or :pt|^r causes, 

necesserilyba afiboted by ihe 4i^bioement or altered 
temperature of the magnetic matter, as exhibited in the 
motions and variations in the histre of the beams of the 
aurora. The magnetic pole, therefore, in our hemisphere, 
win be a north pole attracting the south end of the 
needle, and creating an elevation of the south end va 
place of a dip of the north end. 
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By the aid of these views, all the magnetic phenomena 
of the aurora borealis, so ably described by Dr Dalton, 
and the disturbances of the needle, so accurately observed 
by M. Arago, in reference to auror© that occurred in 
every part of the northern hemisphere, may be satisfac- 
torily explained, as we have attempted to do in a pre- 
ceding section. ^ 

In seeking for a cause which is capable of inducing 
magnetism on the ferruginous matter of our globe, 
whether we place it within the earth or in its atmosphere, 
we are limited to the Sun, to which all the magnetic 
phenomena have a distinct reference ; but whether it acts 
by its heat or by its light, or by specific rays, or influ- 
ences of a magnetic nature, must be left to future inquiry. 
Without placing any reliance on the observations which 
have been supposed to indicate a magnetic action in the 
violet rays, we attach some importance to the observa- 
tions of Barlocci and Zantedeschi, who found that both 
natural and artificial magnets had their magnetism greatly 
increased by exposure to the common solar rays, — a result 
which could not arise from their heating power, as an 
increase of temperature invariably diminishes the power 
of magnets. 

In the ^ork of Dr Dalton, published in 1793, to which 
we have already referred, there are several ingenious hy- 
pothetical views respecting the cause of the aurora 
borealis and its magnetic influence, with which we were 
not acquainted till the sections on that subject were 
written ; but as these views strongly confirm the hypo- 
thesis of terrestrial magnetism whicli we have ventured 
tp bitli^ forward, we shall state as briefly as we can the 
leading ideas pr Dalton. . 

1. TM region qf th$ aurora is 15p Epile» above the 
earth’s surface. Inpmedlately above the earth’s surface 
is the region of the clouds, thpa the regSou of meteors 
called falling stars and fire-^baUs; and beyond this region 
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is that of the aurora. In proof of the great height of the 
aurora''* (independent of actual measurement) Dr Dalton 
adduces its extremely attenuated light, which, he says, 
may spread over one half of the hemisphere, and not 
yield more light than the full moon. “ This,*’ he conti- 
nues, ^‘ai’ises from the extreme rarefaction of the air, 
T^Lich is almost tantamount to a Toricellian vacuum ; in 
fact, the light of the aurora exactly corresponds with 
that of the electric spark when sent through a tube in 
which the air has been rarefied to as high a degree as 
can be effected by a good air-pump/’ 

2, The matter of ^ aurora.-^^^ From the conclusions 
in the preceding sectioa,” says Dr Dalton, “we are 
under the necessity of considering the beams of the 
aurora borealis of sl ferruginous nature, because nothing 
else is known to be magnetic; and consequently that 
there exists in the higher region of the atmosphere an 
electric fiuid, partaking of the properties of «ron, or 
rather of magneHo sted; and that this fluid, doubtless 
from its magnetic property, assumes the. form of oylin- 
drio beams.” “My ^id of magneto ^nd^^/Vadds Dr 
Dal top in another plpoe, like magnetic steel, a 
substance possessed of the properties of magnetism.” 
“Whether any of the various kinds of air or elastic 
vapour we are acquainted with is magnetic, I know not^ 
bi4^Jaope philosophers will avail themselves of these hints 
tp a trial of them.’^ 

8. j^bieiUttg cause the magnetism die aurora.-^ 
“ With regard tOF /(die exiting cause ef . tjbe auioiai I 
believe it will he found , in change , of temperature.” 
“ Nothing is known to affect the magnetism of steel ; 
heat weakens or destroys it ; electricity does more, — it 
sometimes changes the pole of one denominatioo to that 
of another, or inverts the magnetism. Hence we are 
obliged, to have recourse to one* of these two agents, in 
apc 9 unt]pg for the mutations above mentioned. As for 
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heat; we should find it difficulty I believe, to assign a 
reason for such sudden and irregular productions of it in 
the higher regions of the atmosphere, without introducing 
electricity as an agent in these productions ; but rather 
than make such a supposition, it would be more philoso-* 
phical to suppose electricity to produce the effect on the 
magnetic matter immediately*^ “ The beams of the 
aurora being magnetic, will have their magnetism 
weakened, destroyed, or inverted, pro tempore^ by the 
several electric shocks they receive during an aurora.” 

4. The nature of the magnetism of the beams of the 
durom^Dr Dalton conceives the magnetism to be per^ 
manent, and not induced ; and each beam ^ he as it were 
a separate magnety With the regular polarity of permanent 
magnets. ‘‘ I conceive thalf a beam may have its mag- 
netism inverted, and exist so for a time, &c. ; and 1 far- 
ther conceive, that when the beam is restored to dts 
natural position of the north pole downward, it is effected, 
not by inverting the beam wholly as a beam, (for this is 
never observed in an aurora,) but by inverting the con- 
stituent particles, which may easily be admitted, of a 
fluid.” 

If a tnagnet be required to be made of a given quan- 
tity of steel, it is found by experience to answer be^t 
when the length is to the breadth as 10 to 1 nearly. It 
is a remarkable circumstance, that the length and breadth 
of the magnetic beams of the aurora should be so nearly 
in that ratio. Query, If a fluid mass of magnetic matter, 
whether elastic or inelastic, were swimming in another 
fluid of equal deniuty, and acted on by another 
at .a distalsce, what form would the magnetic 
assume,? • knot probable it would be th^ of b cylin^ 
der, of proportienial dim^sions to the b^tns of the^ 
auitoraV* 

5. Oavetning magnetism 

As .the beams, 1*' aay^ Dr swiilnming ha a 
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fluid of equal density with themselves, they are in the 
same predicament as a magnetic bar or needle swimming 
in a fluid of the same specific gravity with itself ; but 
this last will only rest in equilihrio when in the direction 
t)f the dipping needle^ owing to what is called the eariJi's 
magnetism ; and as the former also rests in that position 
only, the effects being similar, we must, by the rules of 
philosophizing, ascribe them to the same cause. Hence 
then it follows, that the auroba boreai,is is a mao^ 
NBTIC phenomenon, AND ITS BEAMS ARE GOVERNED 
BY THE earth’s MAGNETISM.” ' “ 1 am aware that an 
objection may be stated to this ; if the beams be swim- 
ming in a fluid of equal density, ifii^will be said they 
ought to be drawn down by the action of the earth's 
magnetism. Upon this I may observe, that it is not my 
business to shew why this is not the case, because 1 
propose the magnetism of the beams as a thing demon- 
strable, and not as a hypothesis. We are not to deny 
the cause of gravity because we cannot shew how the 
effect is produced. May not the difficulty be lessened 
by supposing the beams of less density than the sur- 
rounding fluid ?’* 

Although this brief abstract of Dr Dalton’s essay con- 
tains many views which in their general bearing add to 
the probability of the hypothesis which we have main- 
tained, yet we must state in a few words the difference 
between the two hypotheses. 

L According to our views, terrestrial magnetism 
resides wholly in the earth's atmosphere^ which contains 
throughout its whole extent ferruginous and other 
metallic matter, and sulphurous exhalations, all of which 
are carried ^p from the earth by evaporation, by ejection 
ilroin volcanoes, and by the returning strokes of electri- 
(»ty ^rom the earth to the alr^ The actual existence of 
the atmosphere, particularly sulphiirous 
' 4md matter, is proved by the observatioas of 
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Fusinieri, aod by tbe existence of meteoric stones and 
other solid substances which fall on the earth. 

2. The magnetism which directs the needle is induced 
upon the magnetic matter in the atmosphere, like that 
of an iron sphere, by some exterior cause, although it is 
very probable that small local effects may be produced 
by ferruginous matter within the earth, and near its sur- 
face ; but the only effect of these will be to produce 
small irregularities in the intensity of the magnetism of 
the needle, and in its direction. 

3. As the colour of the electric spark, when taken from 
different bodies, or when passing through different media, 
depends on the solid matter which it renders luminous, 
so the different colours of lightning, of the auroral beams, 
of falling stars, and of meteors of every kind, are pro- 
duced by the heat of the electric fluid either rendering 
the material substance visible by incandescence or 
throwing it into a state of combustion. 

4. The beams of the aurora are those portions of the 
magnetic atmosphere through which electricity is passing, 
and which, by being heated to different degrees, are 
brought to different states of incandescence, and have 
their induced magnetism increased, like that of all ferru- 
ginous bodies which are brought to a temperature less 
than that of white heat. 

Although it is universally admitted that a source of 
magnetism has been proved to exist in our atmosphere, 
and though it k evident that the force which emanates 
from it is greater than any magnetic force which can be 
proved to have its origin in the solid part of the earth, 
yet it may be asked if there is any reason for believing 
that tbe magnetism in the atmosphere ia strpng enough 
to be Gonsidbred as the only source of terrestrial mag- 
netism? To this question some, of the facts already 
stated afford a pretty satisfactory answer. jyT. Arago 
has shewn that the aurorae which exist only at St Peteca- 
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burg, in Siberia, and even in north America, actually 
disturb the magnetic needle at Paris ; and he considers 
it highly probable that the auroras even round the south 
pole of our globe extend their influence to Paris. If a 
force of such magnitude exists in isulated beams which 
form regular magnets, according to Dr Dalton, we need 
not scruple to suppose that a ferruginous atmosphere is 
capable of producing that degree of intensity which 
characterizes terrestrial magnetism, and that the dis- 
turbances exhibited at Paris on the magnetic needle are 
the effect of local diminutions or augmentations of the 
magnetic force in Siberia, America, or even in the 
southern hemisphere. 



281 


CHAPTER X. 

ACCOUNT OF THE DIFFERENT METHODS OF MAKING 
ARTIFICIAL MAGNETS. 

In the history of magnetism we have already made a 
brief reference to the principal methods of making arti- 
ficial magnets* We shall now proceed to give a short 
account of the methods themselves. 

In the infaaoy of the science^ a bar B of hard steel 
was magnetized by rubbing it throughout its whole length 
on one of the poles N of a natural or artificial magnet A, 
in a direction at right angles to the line joining the two 
poles of the primitive magnet. 

By this process, the new bar a Fig. 60* 

will be rendered slightly mag- 
netic, but its magnetism cannot 
possibly be completely developed 
unless in the two cases where the 
new bar is extremely small, or 
the primitive magnet A extremely 
powerful ; and the magnetism 
which is communicated often ex- 
hibits difierent poles, or conse- 
quent points as they are called, throughout the length of 
the new bar. 

In using this method, the exciting pole should be 
slightly pressed upon the new bar ; and after reaching 
the end'bf the bar at it, must be Itfl^d up and applied 
again to the other end, the friction beiag always made in 
the same direction. 
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Another old method of making magnets consisted in 
placing the end j of a new bar B in contact merely with 
one of the poles N of a powerful 
magnet, and striking the new bar 
so as to make it ring during the 
time of its application. This me- 
thod, however, like the first, will 
be effectual only for very small bars ; the pole s will be 
the strongest, and the neutral point at B will be nearer 
s than n, 

A more efficacious method of magnetizing small bars 
by simple contact, 

is shewn in tlie Fig. 62. 



annexed figure, by 
placing the new 
bar B between the 



opposite poles N, S, of two strong magnetic bars A, A', 
of nearly equal power. In this case the magnetism of 
B will be nearly twice as great as when only one, B or 
A, is used ; and if there are no consecutive poles pro- 
duced, the neutral point B will bisect ns. 

These simple methods were discontinued when the 
principles of magnetic induction were better understood, 
and several ingenious and highly effective processes of 
making artificial magnets were invented by the philoso- 
phers of the cighteentli century. The first of these was 
that of Mr Knight, 


Sect. I . — Account of Dr OouHn JShighfs method of making 
Artificial Magnets. 

Dr Gowin Knight, a physician in London, was long 
celebrated for the excellence of the artificial magnets 
which ho made. The method which he used was kept a 
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secret during his life, but was published after bis death 
by Mr Wilson. 

The bar or needle B, which he intended to magnetize, 
was tempered at a cherry-red heat, and placed under the 

Fig. 63. 



opposite poles N S of two equal magnets. These mag- 
nets are then separated in opposite directions S A', N A, 
so that the south pole S of the one passes over the north 
polar half B« of the bar B, and the north pole N of the 
other over the south polar half B « of B. This operation 
is repeated several times, till the magnetism of the bar 
B is fully developed. 

In this process the north pole N, while it attracts to 
the half B n all the south polar magnetism in B s, repels 
at the same time into B« all the north polar magnetism 
of B n. The same is true, mutatis mutandis, with the 
south pole S. When the bars A A' are large and 
powerful, it has been found that this process is capable 
of communicating to small bars all the magnetism of 
which they are susceptiblek 


SaCTf lX^4^ount of DuhameVs method (f tnetkir^ Arti- 
Jmal Magnets. 

After Dt Knight’s process had been -known and used, 
the artificial magnets which were made by it were in great 
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request, and distributed throughout Europe. When the 
process, however, was 

applied to bars of Fig. 64. 


great size,i t was found 
to be defective ; and 
M. Duhamel of the 
Academyof Sciences, 
in conjunction with 



M. Antheaume, set 


themselves to devise a better method, which is repre- 
sented in the annexed figure. The bars BB' to be 
magnetized are placed parallel to each other, and havo 
their extremities united by two pieces M w of soft iron, 


at right angles to the bars. He then took two strong 
magnets A A', or two bundles of small bar-magnets, the 
bars of each bundle having their similar poles together ; 
and having placed them, as in the figure, at an angle of 
about 90°, or inclined 45® to the bar B, they were sepa- 
rated from each other as already described in the 
explanation of fig. 63. The same operation was repeated 
on the other bar B', and continued alternately on both 
till the magnetism was supposed to be completely deve- 
loped in both bars. When A and A' are placed upon 
the second bar B^ the disposition of the poles must bo 
reversed, the pole that was formerly to the right hand 
being now placed to the left. The two bars B are 


then turned, so that the undermost faces are uppermost, 
and the same process carried on as before. 

The distinctive peculiarity of Duhamefs process con- 
sists in the employment of the pieces of iron M and 
in the use of bundles of small bars, which are more effi- 


cacious than two single ones of the same size. 

The very same method is applicable to curved bars, or 
those of the horse-shoe form, as shown in the annexed 


figure, where the inclined bars arc carried round the 
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Fig. 65. 



curved bat ABC, exactly as they were along the straight 
bar B. 


Sect. llh^Account of Mr MtchelPs method of making 
Artificial Magiicts* 

About the same time that Duhamel was occupied with 
this subject, Mr Michell of Cambridge and Mr Canton 
were separately engaged in the same inquiry. Mr 
Michell published his method in 1750, to which he gave 
Fig. 66. 



the name of the method of doiAle touoh Having joined 
together, at the distance of a quartei^ of an inch, two 
bundles of strongly magnetiiSed bars A A^ their opposite 
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poles N S being together, he placed five or more equal 
steel bars B B' B' B" B" in the same straight line ; and 
resting the extremity of the bundle of magnets A A' 
upon the middle of the central bar B, he moved them 
backwards forwards throughout the whole length of 
the line of bars, repeating the operation on each side of 
the bars, till the greatest possible effect was produced. 
By this method Mr Michell found that the middle steel 
bars B B' B' acquired a very high degree of magnetic 
virtue, and greater than the outer bars B'' B" ; but by 
placing these last bars in the middle of the series, and 
repeating the operation, they acquired the same degree 
of magnetism as tho rest 

Mr Michell states, that two magnets will, by his pro- 
cess of double touch, communicate as strong a magnetic 
virtue to a steel bar, as a single magnet of five times the 
strength, when used in the process of single touch. The 
bars A A' act with the sum of their powers in developing 
magnetism in all parts of the line of bars between them, 
and with the difference of their powers in all parts of the 
line of bars beyond them. The external bars act the 
same part in this process as the two pieces of soft iron 
in the method of Duhamel. 


Sect. IV. — Account of Cantonas metHiod of r/iaking 
Artificial Magnets, 

In the year 1751 Hr Canton published his process, 
which he regatided as superior to preceding ones. He 
placed the bars as in Duhamersmethodjjoined by pieces 
of soft iron. He then applied Michell’s method of double 
touch, and afterwards he separated the two bundles of 
magnets A, A', and having inclined them to each other, 
as in Duhamers method, he made them rub upon the b$i^ 
from the middle to its extremities. The peculiarity of 
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Canton's method is the union of these two processes ; but 
Coulomb and others are of opinion that the latter part of 
the process is the only effectual one. 

In order to make artificial magnets without the aid 
either of natural loadstones or artificial magnets, Mr 
Canton gives the following detailed process. 

He takes six bars of soft and six of hard steel, the 
former being smaller than the latter. The bars of soft 
steel should be three inches long, one-fourth of an inch 
broad, and one-twentieth thick ; and two pieces of iron 
must be provided, each having half the length of one of 
the bars, and the same breadth and thickness. The bars 
of hard steel should be Yig» 67. 

each five and a half inches 
long, half an inch broad, 
and three-twentieths of an 
inch thick, with two pieces 
of iron of half the length, 
and the same breadth and 
thickness. 

All the bars being mark- 
ed with a line quite round 
them at one end, take an 
iron poker and tongs, or 
two bars of iron, the larger 
and the older the better, 
and fixing the poker P 
upright, as in fig. 67, hold 
to it with the left hand, 
near the top P, by a silk 
thread, one of the soft 
bars B, having its marked 
end , downwards ; then 
grasping the tongs T with 
the right hand, a little 
below their middle, and keeping them nearly In a 
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vertical line, let the bar B be rubbed with the lower end 
L of the tongs, from the marked end of the bar to its 
upper end, about ten times on each aide of it. By this 
means the bar B will receive as much magnetism as will 
enable it to lift a small key at the marked end ; and this 
end of the bar being suspended by its middle, or made 
to rest on a point, will turn to the norths and is called its 
fWTtk pole, the unmarked end being the sovffi pole. 

When four of the soft steel bars are thus rendered 
magnetic, the other two AC, BD, must be laid parallel to 
each other, at the distance of ^out one fourth of an inch, 
as in the figure, hav- 
ing their dissimilar Fig. 68. 

poles united with 
the smallest pieces 
of iron A B, CD. 

Two of the magnet- 
ized bars are then to 
be placed together, 
as at G, with their 
similar poles united, 
and the other two 
as at K ; and when 
separated by a piece 
of wood I, they are slid four or five times backwards and 
forwards along the whqle length of the bar AC, so that 
the marked end F of G is nearest the unmarked end of 
AC, and This operation is carefuUy repeated 

on BD, attd bn the other sides of .boib AC and BD. 
When this is done, the bars Ad, BD.ate to be taken up 
and substituted for the two outer bars of the bundles G, 
K, these last being laid down in the place of the former, 
and magnetized in a similar manner. This operation 
must be repeated till each pair of the soft bars has been 
magnetized three or four times. 

When the six soft bars are thus magnetized, they 
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be formed into two bundles of three each^ with their 
similar poles together^ and must be used to magnetize 
two of the hard bars in the manner already described ; 
and when they are magnetized, other two of the hard 
bars must be touched in a similar manner. The soft bars 
are now to be laid aside, and the remaining two bard 
bars magnetized by the four hard bars already rendered 
magnetic; and when this is done the operation should be 
repeated by interchanging the hard bars, till they are 
impregnated with the greatest degree of permanent mag- 
netism which this method is capable of communicating 
to them. 

In performing the above operations, which may be com^^ 
pleted in about half an hour, the bars AC, BD, and the 
pieces AB, CD, should be placed in grooves, or fixed 
between pins of wood or brass, to keep them steady 
during the successive fric- 
tions which are applied to Fig. 69. 

them. According to Can- p|- — 

ton, each of the six arti- I 

ficial magnets thus made ^ ^ — 1- 

will lift about twenty- I — 7 

eight ounces troy. Tlrey "j - i 

should be kept in awooden 

box, an4 placed as in the annexed figure, so that no two 
poles of the same name may be together, and the pieces 
of iron A B, CD, placed beside them. 


Sect. V . — Account of ^pinus' s method of making ] 
Artificial Magnets^ 

The method of magnetizing steel bars by the double 
touch was greatly improved by ^pinus* In place of the 
pieces of iron M, used by Duhamei|' he used magnets, 
apd formed the rectangle with the two steel bars to be 
magnetized, having their extremities united by two 

N 
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magnets M, nit placed as in figure 64. He then placed 
the original magnet, or bundles of magnets, A, A', as in 
the figure, having their dissimilar poles N S separated 
by a piece of wood, and greatly' in dined to each other ; 
and he made the united poles pass backwards along the 
whole length of the steel bar. The same operation was 
repeated on the other bar, and qn the other side of each 
of them, care being taken to reverse the poles, as for- 
merly mentioned, when the rubbing. bars are removed 
from the one steel bar to the other. ^Inus found that 
a maximum effect was produced when the bars A A' 
were inclined 20® or SO® to the steel bar over which they 
passed* 


Sect. VI, — Account of Coulomb's method of making 
Artificial Magnets* 

The method of making artificial magnets employed by 
Coulomb consists of the most efficacious parts of the pre<- 
ceding processes, improved and extended by long expe- 
rience in the art. The apparatus which houses consists 
of fixed and bundles of magnets. Each of the 

fixed bundles consists of ten bars of steel tempered at a 
cherry-red heat, their length being about twenty-one 
inches, their breadth six-tenths of an inch, and their 
thickness one-fifth of an, inch. Having rendered them 
as ■strongly magnetic as possible, with a natural or an 
artificMl lua^et, he joined them with tbeir similar poles 
together, andfbrmed them into two 
beds of four bars each, these beds Fig. 70. 
being separated by small rectangular 
parallelepipeds win of soft iron, pro- 
jecting a little beyond their extremi- 
ties,, aS shewn in the annexed figure* 

Tbfiwiom'w^bundles consist offour bars 
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tempered at a cherry-red heat, each being about sixteen 
i laches long, six- tenths of an inch wide, and two-tenths 
of an inch thick. When these bars were magnetized 
in the same manner as the other bars, he united two 
of them by their widths and two of them by their thick- 
so that each bundle was one inch and two-tenths 
wide and four-tenths thick, the bars being separated, as 
tiefore, by pieces of soft iron. Coulomb used a kind of 
«t€el very common in commerce (dacier Umbri d 7 
^toiles but he found that all kinds, provided it was no 
of a bad quality, were capable of receiving the same 
clegree of magnetism. In order to magnetize a bar, he 


Fig. 71. 



placed the large fixed bundles M N in the same straight 
lice, and at a distance a little less than the length of the 
toac to be magnetized ; and this bar BB' was placed as in 
tbe figure, so as to rest on the projecting pieces of iron, 
«o that the contact took place only over a length of one- 
fifth of an inch ; the two movmg bundles A A' having 
<;heir dissimilar poles separated by a small piece of wood 
or copper, about one-fifth of an inch wide between them, 
€ind each being inclined at an angle of 20'^ or 30*^ to the 
bar BB'. The united poles of the moving biindl^-ftre 
then moved successively from the centre to each eictre*^ 
icnky of the bar BB', ao that thenunfiber of frictions upon 
each half of the bar may be equnl. When the last friction 
lias been given^ the united poles nre brought to the 
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tniddle point of the bar BB', and then witlidravrn perpen- 
dicularly- The same operation is then repeated on the 
other side of the bar BB'. If we wish to employ the 
method of Duhamel in place of that of iEpinus, we do 
not require the piece of wood or copper, but have only 
to separate the bars when their united poles are in the 
middle of the bar BD', making each pole pass to the ex- 
tremity of it. 

When the fixed and moving bundles are composed of 
bars which have not been magnetized to saturation, we 
must form new bundles with the newly magnetized bars, 
whose magnetism will be stronger than those by whioh 
they were magnetized, and by their heat magnetize anew 
the bars first used ; and by repeating this process three 
or four times, the bars may be raised to the highest de- 
gree of magnetic virtue. 

When the bars BB' to be magnetized are very large^ 
the moveable bundle should contain more than four bars^ 
each of the bars retreating about half an inch in the direc- 
tion of their thickness; as shewn in the atmex^d figure. 
The advantage of this displace- 
ment arises from the fact, that Fig. 7^. 

the highest degree of magnetism 
resides in the extremity of the 
bar. Hence, by this arrange- 
, meet; not only the most effica- 
cipus part^ of the moving bar are brought into contaec 
with the bar tq be magnetized; and act morei^^erfuUy; 
but the bpi* nearest to the central cme in the bahdle tends 
. not merely to maintain; but to au^mbnt; in its extremity, 
its degree of magnetism. The third bar produces the 
same good effect upon the second, and so on with the 
rest. 
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Seot. VII. — Account of M. JBio^i method of making 
Arfiifioxal Magnets. 

M. Blot has proposed several important improvements 
on the process of Coulomb. As the bars are always 
bent a little in temperings he recommends that they 
should at first bo brought to as hard a temper as possible, 
and then annealed to the first shade of yellow. By this 
meabs they will have a sufficient degree of malleability 
to be again brought into shape, while they possess suffix 
dent coercive power for receiving and retaining a high 
degree of magnetlstm Regarding it as of essential 
portanco to ensure an intimate contact between the plates 
of the large bundles and the soft iron or armour by which 
tliey are united, M. Biot forms his armour of several 
plates of very soft iron, which cover the elementary plates 
at that part of their extremities where the repartition of 
free magnetism is perceptible. These plates of soft iron 
form part of a mass of the same nature terminating in 
the form of a trapezoid, as shewn 
in the annexed figure, and the Fig. 73« 
plat^ of steel are inserted in it, 
as shewh by the dotted lines $ so 
that the plates which lie in the 
axis of the bundles project a little 
beyond the lateral plates* The whole is then bound to- 
gether with a collet of soft iron, held firmly by a screw. 
M. Biot remarks, that he has found from experience that 
this arrangement, indicated by theoretical considerations, 
xs extremely advantageous. 

Coulomb’s method of fitting up, arming, and preserving 
hU magnets, is shewn in the annexed figure, representing 
two artificial magnets, armed at their extremities with 
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Fig. 74. 



twa iron parallelopipede, N S, S' ; N N' being the 
north poleS) and S the south poles. These parallel- 
opipeds have their inner ends enveloped within the mag- 
netic bars. The opposite poles N S', N' S, are joined by 
pieces of soil iron A B, and the bars of each magnet are 
held together by the upper bands a b,ci^ b\ 

With an apparatus of this kind^ each part weighing 
fifteen or twenty pounds, eighty or a hundred pounds is 
required to separate the pieces A B from the poles, and 
an ordinary needle is magnetized to saturation by merely 
placing it upon tbe ends N S' o^ S-, 

Sect. VIIT. Account of Mr Scoresbtfs method of mMng 

Artificial Magnets, 

A very simple and efiScacious method of making artifi- 
cial ma^ets by percussion has been published by Mr 
Scoresby.^ That iron became magnetic when elruok by 
soccessive blows of a hammer in thedirectiem of the dip- 
ping needle, was known to Dr Gilbert ; but it is to Mr 
Scoresby that we owe a complete investigation of the sub- 
ject. In order to deterpine the effects produced by per- 
cussion, Mr Scoresby used two methods, the one by ob- 
serving the weight which the new magnet lifted, and the 
other by measuring the deviation which it produced on 
♦ JPMlosophioal Transactions^ 1822, part U. p. 241, 
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a magnetic needle. The following experiments were 
made with a cylindrical bar of soft steel six and a half 
inches long, one fourth of an inch in diameter, and 
weighing 592 grains. It was placed in a vertical position, 
resting on a piece of tin, and struck with a hammer of 
twelve ounces. 


Numbor of 
Strokes At 
eocli Expe- 
riment. 

Total 

Number, 

Woigbt 
Buspendod by 
the Bar. 

Deviation of tho 
Needle ; diatanee 
of Ncodlo tlireo 
luchofl. 

1 

: 1 

2 


1 

2 

0 


5 

7 

4 


10 

17 1 



5 

22 

4 



When the steel bar was placed upon a stone, the effect 
was the same; but, as the following experiments shew, 
a great increase of power was obtained by supporting the 
lower end of the bar upon the upper end of a large bar of 
iron or soft steel. The hammer weighed twelve ounces, 
and the distance of the needle was three inches. 
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Number of 
Strokes at each 
Experiment. 

Total Number. 

Weight sus- 
pended by the j 
Bar. 

Deviation of 
the Needle. 

By using a hammer weighing 22 ounces, £ 
effect was produced. 

in increased 

3 

85 


1 33 

5 

90 

130 

34 

3 

93 

— 

SO 

t By reversing the poles, and again hamn^ring with 
the twelve- ounce hammer. 

1 Jr 



5 

1 

2 

— 

2 


From these experiments it follows^ that a cylindrical 
bar of soft steel weighing 592 grains, can be made to lift 
only six and a half grains when struck in a vertical posi* 
tion, with its lower end resting upon tin or stone ; whereas 
the same bar, when struck with twenty-two blows upon a 
rod of iron suspended at its lower end, which was a north 
pole, lifted eighty-eight grains ; by using a larger hammer, 
its lifting power increased to 130! When the steel bar 


was reversed, so that its south pole was uppermost, ita 
magnetism was almost destroyed by a single blow, and 
two blows were sufficient to change ips poles. Mr 
Scoresby four^d that when the steel magnet was struek 


ha the plane of the magnetic equator, its polarity also 
; but several blows were necessary to effect 

' ^ of, oil' A> 

seven 

and ioch wiile, one- 

Seventh thlijijii .^troi^ing. Il70 gtains, 

Whea Bus^Qbded vepdb'afiy, with its south end upper- 
9 i|ost, it produced,, ^t tlie distance of eight inches, a 
dbVia'^ioii of 1 ^“'. on the needle ; hut after 60, 80, and lOp 
ll^we^ tiMi 4^v^ion was redu<;ed to 25", 
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When the north pole was placed uppermost, other 
thirty blows reduced the deviation still farther, from 25® 
to 14®. 

When the bar was again magnetized, and hammered, 
upon a piece of tin, it produced a deviation of 50® ; but 
after twenty blows, with the south pole uppermost, the 
deviation became 33®. By other sixty blows, with the 
Dorth pole uppermost, the deviation became 24®. 

From the results obtained in the preceding experi- 
ments, Mr Scoresby deduced the following method of 
making artificial magnets by percussion. 

“ I procured two bars of soft steel thirty inches long 
and an inch broad, also six other fiat bars of soft steel 
eight inches long and half an inch broad, and a large bar 
of sofl iron. T(ie large steel and iron bars were not, 
however, absolutely necessary, as common pokers answer 
the purpose very well ; but I was desirous to accelerate 
the process by the use of substances capable of> aiding 
the development of the magnetical properties in steel. 
The large iron bar was first hammered in a vertical posi- 
tion ; it was then laid on the ground with its acquired 
south pole towards the south, and upon this eud of it the 
large steel bats were rested while they were hammered ; 
they were also hammered upon each other. On ^ the 
summit of one Of the large steel bars, each of the sdaall 
bars, held also vertically, ^as hammered in succession, 
and in a few minutes they had all acquired considerable 
lifting powers* Two of the smaller bars, connected by 
two short pieces of soft iron in the form of a parallelogram, 
now rubbed with the other four bars, in the manner 
of :CaqLtop. These were then changed for two ,othen^^ 
and these again for the last two. Afler ; treating each 
pair of bars in this Way for a number of times, and 
changing them whenever the manipulations had been 
continued for about a minute, the whole of the bars werju 
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at length found to be magnetized to saturation^ each pair 
readily lifting above eight ounces. 

“In accomplishing this object, I took particular care 
that no magnetic substance was used in the process. All 
the bars were freed of magnetism before the experiment, 
so tliat none of them, not even the largest, produced a 
deviation of five degrees on the compass at three inches 
distance. Any bars which had been strongly magnetized^ 
and had their magnetism destroyed or neutralized (either 
by hammeriDg, heating,, or by the simultaneous contact 
of the two poles of another magnet placed transversely,) 
1 always found had a much greater facility for receiving 
polarity in the same direction as before, than the 
contrary. Hence it generally happened that one blow 
with the original north end downwards, produced as much 
efiect as two or three blows did with the original south 
end downwards.” 

13y this ingenious process, any person who has no mag* 
nets within his reach may communicate the strongest de* 
gree of pertnanent magnetise to li^d steei ba^ of any 
iniaghit^e,' the bars magnetized by pereasriobbehigem- 
ployed, as'ki the process of Coulomb, to magnetize the 
Ihrge bars which are required. 


Sjsot. ^ of making Horst-Shoo Magnet*. 

. '.>1'’’*',! ir , , , I ■ 

/ those whicb, thefiDmcf 

« horse ki! figi ^ ; imd ibroa lEf, ge- 
nerally speafWag, for use, and for 

the preservation of their magnetic power. In all experi- 
ments where a large weight is to be lifted, the horse-shoe 
magnet is indispebsable ; and in consequence of the twt> 
poles being brought together, they may be substituted 
great advantage for magnetizing steel bars by the 
ibetbod of double touch. 



METHODS OF MAKING ARTIFICIAL MAGNETS. 299 


In order to form a powerful magnetic battery, the best 
way is to unite a number of similar horse-shoe magnets, 
with their similar poles together, and to fix them firmly 
together in a case of copper or leather. The following is 
the method recommended and used by Professor Barlow : 
He took bars of steel twelve inches long, p- 
and having bent them into the horse-shoe 
shape, their length was six inches, their 
breadth one inch at the curved part, and 
three-fourths of an inch at their extre- 
mities, and their thickness one-fourth of || ( ]| \ 

an inch. They were filed very nicely, so \ M } 

as to correspond, and lie flatly upon each llul 

other. They were then drilled with three |f[ 

holes in each, as seen in*the flgurc, and, JUsJUbL 
by means of screws V V passing through 
these holes, nine horse-shoe bars were 
bound together. When the heads and ends of the screws 
were constructed, so as to leave the outer surfaces smooth, 
the mass of bars was filed as if they were one piece, and 
the surface made flat and smooth. When the bars were 
separated, they were 

carefully hardened, 76. 

so as not to warp; 
and when they had 
been well cleaned, ' 
and rendered bright, 
but not polished, 
they were magnet- 
ized separately in the following manner; When the two ex- 
tremities of the bar are connected by a piece of soft iron 
M, the magnetism may be de^dloped in the two halves by 
Duhamel’s method) as in the annexed flgure ; or, following 
iEpinus, we may apply a strong magnet to each pole, 
and connect their extremities either with a piece of soft 
iron or another magnet, or we may apply two horse-shoe 
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magnets to each other, as in the annexed figure, uniting 
poles vrbicb are to be of contrary names, When the 

?ig< 77. 



magnet or magnets are prepared in any of these ways, 
they are then to be magnetized with another borse-^sboe 
magnet AB, by placing its north pole next to what is to 
he the south pole of one of the horse^shoe bars, and then 
carrying the moveable magnet round and round, but 
always in the same direction. In this way a very high 
degree of magnetic virtue may be communicated to each 
of the nine bars. When this is done, they are to be 
reunited by tlie three screws, and their poles or extre- 
mities connected by a piece of soft iron, or lifter, as in 
fig. 76, having at its middle a hook H for suspending any 
, weight. As the lifting power depends on the accurate 
poles of with the lifter, the 

shpuld, after hardeepng, be properly .robbed 
down I . - 

A magnet of and ^ foUnd by Profes- 

sor Barlow to suspend fori^ pounds ; but he afterwards 
found that a greater proportional power could be ob- 
tained by using bars that were long in comparison with 
their breadth. 


methods op making artificial magnets. 801 


Sect. X. — Account of Professor Barlow's method of 

ma^netiziTig a number of Rectilineal Bars with a Horse-^ 

Shoe Magnet 

The following method of making artificial magnets is 
both a simple and efficacious one, and has been practised 
successfully by Professor Barlow. Having occasion for 
thirty-six magnets, twelve inches long, one and a fourth 
broad, and seven-sixteenths of an inch thick, he placed 
thirty -six bars of steel, of these dimensions, on a tabic, 
so as to form a square, having nine bars on each aide, the 
marked or north pole of each bar being in contact with 
the unmarked or south pole. At the angular points of 
the square the inner edges of the bars were brought into 
contact, and the external opening thus left was filled up 
by a piece of iron one inch and a quarter square and 
seven-sixteenths of an inch thick. The horse-shoe 
magnet described in the preceding section was set upon 
one of the bars, so that its north pole was towards the 
unmarked end of the bar, and was then carried or rubbed 
along the four sides of the bars ; and the operation was 
continued till the horse-shoe magnet had gone twelve 
times rqmnd the square. Without removing the magnet, 
each bar vvas turned one by one, so as to turn their lower 
sides uppermost, and the horse-^shoe magnet was made 
to icub along the four sides of the square other twelve 
times. The bars were then highly magnetized ; and the 
whole process did not occupy more than half an hour. 


Sect. '^h—Ajccount of KnigJu's metlwd of forming 
Artificial Magnets with an Iron Paste. 

Although the following method of making a magnetic 
paste has been given in almostevery treatise on magnetism, 
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and wQs kept a secret by its inventor, yet we have no 
distinct information that it has been found superior in 
any respect to steel as a vehicle of magnetism. Mr 
Benjamin Wilson communicated the method to the 
Eoyal Society after the death of Mr Knight. 

Having provided himself with a large quantity of 
clean filings of iron, Dr Knight put them into a tub that 
was more than one-third full of clean water; he then^ 
with great labour, worked the filings to and fto for many 
hours together, that the friction between the filings of 
irtobytlus treatment might break off such small parts 
as w^i remain suspended in the water for some time ; 
the obtaining of which very small particles in sufiScient 
quantity seemed to him to be one of the principal desi- 
derata in the experiment. The water being by this treat- 
men t rendered very muddy, li e poured i t in to a cl ean ear the n 
vessel, leaving the filings behind ; and when the water 
had stood long enough to become clean, he poured it out 
carefully, without disturbing such of the iron sediment 
as still remained, which was now reduced to an almost 
impalpable powder. This powder was afterwards re- 
moved into another vessel, in order to dry it; but as he 
had not obtained a proper quantity of it by this first step, 
he was obliged to repeat the process many times. Hav- 
ing at last procured enough of this very fine powder, the 
thing to be done was to make a paste of it, and that 
vehicle which could contain a considerable 
of 'the phlogistic pr^iciple. Eop thie pmrpose he 
had reooars^ to J^eed cifc in preference to ajl bther 
fluids, ^ith the^ tkb ingredients only he made a stiff 
paste, taking particular care to knead it well before he 
moulded it into convenient shapes. Sometimes, while 
the paste continued in its soft state, he would put the 
impression of a seal on several pieces, one of which is in 
the British Museum. This paste was then put upon 
W30od,i and someUmes on tiles, in to bake or dry it 
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before a moderate fire, at about a foot distance. The 
doctor found that a moderate fire was most proper, because 
a greater degree of heat made the composition frequently 
crack in many places. 

“ The time necessary for baking this paste was gener- 
ally five or six hours before it attained a sufficient degree 
of hardness. Wlien that was done, and the several 
baked pieces were become cold, he gave them their mag- 
netic virtue in any direction he pleased, by placing them 
between the extreme ends of his magazine of artificial 
magnets, for a few seconds or more, as he saw occasion. 
By this method the virtue they acquired was such, that 
when any one of these pieces was held between any of 
his best ten-guinea bars, with its poles purposely inverted, 
it immediately of itself turned about to recover its natu- 
ral direction, which the force of these very powerful bars 
was not sufficient to counteract.’** 'After giving the 
preceding method, M. Biot remarks that it consists in 
procuring a very fine powder of iron a little oxidated, all 
the particles of which he united by means of linseed oil, 
or any other substance fitted to give them a proper de- 
gree of oxygenation. “ When this paste was magnet- 
ized,’* he continues, each particle of the powder became 
a small magnet, in which the development of the mag- 
netism might be very powerful, on adcount of the suitable 
degree of coercive power produced by the oxygenation ; 
and the homogeneity of this state in all the particles, as 
well as their extreme tenuity, might give to the whole 
system the most favourable arrangements for receiving a 
high degree of magnetism.” M. Biot conceives that a 
somewhat analogous efiect might be obtained by steel of 
an equal and iiomogeneous grain, the carbon giving a 
coercive power like oxygen ; but he thinks that the paste 
IS likely to form better magnets. He is of opinion also 


* PhiU Tnm* 1779, voL Ixbi. p. 61. 
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tl^at some powerful natural magnets may owe their virtue 
to the unioa of similar qualities. 

Dr Fothergill, who had seen Mr Knight’s paste mag- 
nets in his own possession, says that the mass had the 
appearance of a piece of black lead^ though loss shining. 
He informs us also of a very remarkable fact, if it be 
true, that while the poles of a natural loadstone^ or of 
the hardest steel magnet, could be changed, those of the 
paste magnets were immoveable. A small piece, of about 
half an inch square and one-fourth thick, was powerfully 
magnetic, though unarmed ; and its poles could not be 
altered though it was placed between two of Mr Knight's 
largest and most strongly impregnated magnetic bars.# 

Conceiving that the powder which formed the basis of 
this paste was the black oxide of iroii, or martial Hlhiops^ 
M. Cavallo has given the following receipt for imitating 
natural magnets ; but he does not say that the magnets 
made by it are better than those of steel. “ Take some 
martial Ethiops reduced into a very fine powder, or, 
yrhich is more easily procured, black oxide of iron, the 
scales which fall from red-hot iron when hammered, 
and are found abundantly in Smiths’ shops. Mix this 
powtier with drying linseed oil, so as to form it into a 
very stiflF paste, and shape it in a mould so as to give it 
any form you require, whether of a terrella, a human 
headi or any other. This done, put it into a warm place 
ibr and it will dry so as to become very hard ; 

theik raster ii the. application of. powerful 

magnets, and it will SLCon^idembk po w/erv" 

Sect. XII. — Accoimtof the method of arising and, pre^ 
serving Natural and Artificial Magnets, 

We have already stated, that, when a piece pf soft. iron 
is, sukperrded at the pole of a magnet, this piece of irCn ia 

: Phii, Tram, 1779, toI kyi, 
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rendered magnetic, and that a second and a third smaller 
piece of iron suspended frona the other piece of iron also 
become magnetic, the magnet developing magnetism in 
the first piece of iron, the first piece developing it in the 
eecond, and so on. Each piece of iron re-acts as a mag- 
net on the larger piece on which it hangs, improving or 
increasing the development of its magnetism. Hence the 
lifting power of a magnet may be increased by suspend- 
ing to one of its poles, day after day, a small additional 


piece of iron. 

On this property is founded the method of arming na- 
tural and artificial magnets, for the purpose both of in- 
creasing and preserving their magnetic power. In order 
to support the greatest weight with any magnet, both its 
poles should be brought in action. In the horse -shoe 
magnet this is easily done, so that the armature for it is 
made by merely placing a piece of soft iron mn upon its 
poles A (north,) B (south,) having a hook 
attached to it for hanging on weights, as in Fig. 78. 
fig, 75. That the powQr of this magnet is 
not only increased, but preserved, is easily 
proved ; but the following striking eicperi- 
ment of Mr Watkins affords the most beau- 
tiful illi^atratioq of the principle. He mag- 
netized a liorse-shoe bar of soft iron^ made 
cf a bar nineteen, inches long and pne inch 
square, when its poles A B were joined by - 
another piece of iron m and he found that 
it preserved its magnetic virtue for a long time, ♦ while 
its poles were thus united. The moment, however, that 
the armature mn was removed, the magnetism of the 
horse-shop bar almost wholly disappeared, j- 

The best armature for a natural magnpt is shewn in the 




^ goo tbe following wctioUf 


f phUt^ TraWf 1838,p. 338. * 
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annexed figure, where 
L L' are two broad pieces 
of Boft iron applied to the 
poles, and projecting on 
one side of it« To these 
projecting ends or trans- 
ferred poles A B a piece 
of iron rnnh applied, so 
as to touch them both, 
as in the horse-shoe mag- 
net in fig. 75. The lateral 
pieces of iron L L' are 
commonly held firm to 
the magnet by means of 
a box of brass, silver, or 
copper, occ'o', and the magnet is then said to be armed, 
the pieces of iron L A B, constituting its arms or 
armature. 

A loadstone armed in the preceding manner may be 
strengthened by Professor Barlow’s method pf magnetiz- 
ing horse-shoe magnets; and if we suspend a scale or bag 
from the hook H, and add, day after day, some additional 
weight, it may be made to suspend two or three times the 
weight that it could lift if applied to it at once. If its 
force, however, is overpowered by too great a load, its 
strength will revert to what it was at first ; but if we take 
nut of dike scale a certain part of the load which it can 
auBpend, we BQiay again proceed to add more weight 
gradually, ti^l it carries its maximum Ip^d. 

In order to p^serveToadatohes' And magnets, their ar- 
mature should always be applied to them. They should 
be kept in a cool place, fjjee from vibrations, and rough 
treatment of every kind. Bar-magnets should always be 
kept with their dissimilar poles together ; and both single 
magnets^and needles will have their power not only pre- 


Fig. 79. 
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served, but increased, by keeping them surrounded with a 
mass of dry filings of soft iron, each particle of which will 
re-act, by its induced magnetism, upon the point of the 
magnet to which it adheres, and maintain in that point 
its primitive magnetic state. 


Sect. XIIT. — Account of the mediod of making Tempo-' 
rary Bar-Magnets of Soft Iron under the influence of 
Electric Currents^ 

In our history of Electricity we have given some 
account of the discoveries of M. Arago, Sir II. Davy, 
M. Savary, and others, relative to the communication of 
magnetism to steel by ordinary electricity. The subject 
will be resumed under the article Voltaic Elbctri- 
oiTY ; but, without anticipating what properly belongs to 
that science, we shall givo an account in this section of 
the method of making bar-magnets of soft iron by the in- 
fiuence of electric currents. 

This process consists in winding spirally round a horse- 


Fig. 80 . 



shoe bar of iron ABC, a copper wire covered with silk 
thread. A galvanic current is then made to pass through 
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the bar, ABC, by two wires W communicating with 
two wooden vessels D E containing mercury. When 
the voltaic apparatus consists of a single element, viz. 
one plate of zinp placed in a copper vessel, and having 
an area of five square feat, the magnet, when armed, as 
shewn at mn, may suspend by the hook H 100 killo- 
grammes. 

Dr Mbll^^ took a horse-shoe bar 0*22 of a metre high, 
and 0'025 thick, and rolled round it eighty-three times a 
copper wire covered with silk, and 0-003 of a metre in 
diameter. To each of the branches was adapted a coun- 
terWbight of a pound weight, and projecting a little on 
both sides. The two extremities of the wire were made 
to communicate, by small vessels of wood filled with 
mercury, with two elements of a voltaic battery, com- 
posed of a bucket of copper, in which was plunged a 
plate of zinc whose surface, in contact with the fluid, 
was eleven square feet. The moment the communica* 
tion was made, the magnet supported twenty-five killo- 
grammes, and with some precautions thirty-eight, 
Atrother bo|»e-shoe bar, weighing thirteen killograrnmes, 
0^93 ; of , a metre high, and fifty-five millimetres thick, 
lifted seventy-seven killogrammes. When the direction 
of the current is changed, the poles of the magnet are 
instantly reversed ; and when the current is stopped the 
magnetism of the bar diminishes, though Dr Moll found 
it capable of carrying twenty-five killogrammes a quarter 

aa ^e current ceased. , Dr Moil found that 

the, xqagniBtjlb of the bar was pot increased by 

increasing tbequmberofthe^^^^ hr plates; 

that a horse-shoe of copper was not magnetized; and 
that a horse-shoe magnet was not rendered more mag- 
netic by the electric current. 

Professor Henry of Albany Academy had obtained 
qualogptis raiault^ about tbe same time with Profes^r 
' , ' * vol, 1, p, , , 
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Moll. The apparatus which he used is shewn in the 
annexed figure, which represents a strong rectangular 

Fig. 81. 



Wooden frame, three feet nine inches high, and twenty 
inches wide. The magnet A is covered with linen, dnd 
the ends of the wires coiled round it, all project so as to 
be soldered to the galvanic element B, which can be 
plunged into the vessel C placed on a moveable shelf, 
and containing dilute acid. D is a graduated lever, E a 
counterpoise, and F a scale for supporting weights, whdn 
the liftmg power is no4: estimated by a small weight 
sliding upon the lever. The magnet A was fitted up in 
the following manner. ** A bar of soft iron two inches 
square and twenty inches long was bent into the form of 
a horse-shoe nine inches and a half high ; the sharp 
edges of the bar were first a little rounded with a ham- 
mer ; it weighed twenty-one pounds. A piepO of jroti 
from the some bar, woighing seven pounds, fited 
perfectly fiat pn one surface, for an arpait!*^ lit^r ; 
the eittremities of tbie legs of / the horsi^^oe dso 

truly , ground to lb:e aur&c,e of tJie Aratsid 

this horse-shoe ^40 feet of bel^wlre^were wound, 
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in nine coils of sixty feet each. These coils were not 
continued around the whole length of the bar, but each 
strand of wire, according to the principle before men- 
tioned, occupied about two inches, and was coiled several 
times backward and forward over itself; the several ends 
of the wires were left projecting, and all numbered, so 
that the first and the last end of each strand might be 
readily distinguished. In this manner was formed an 
experimental magnet on a large scale, with which several 
combinations of wire could be made by merely uniting 
the different projecting ends. Thus, if the second end 
of the first wire be soldered to the first end of the 
second wire, and so on through all the series, the whole 
will form a continued coil of one long wire. By soldering 
different ends, the whole may be formed into a double 
coil of half the length, or into a triple coil of one third 
the length,” &c.* 

In making experiments with this magnet, a small 
single battery was used, consisting of two concentric 
copper cylinders, with zinc between them ; the whole of 
the zinc surface in action, including both sides qf the 
zinc, was two-fifths of a square foot, and the quantity of 
dilute acid only half a pint. The following were the 
results; — 


Ninnber of Wires 
soldered to the 
'Battery iai suc- 
'' oeeinoiv » 


Weight lifted 
In Pounds 
avoirdupois. 


' soldered to the, battery, in auc- 1 y 

' I, 6esatou,» 

2,* One on eajcfc bf 6)rc^ 145 

2. One from each of lege. . . . 200 


g J One frorh each , end of legs, and the 
I other from middle of arch 


300 


' I ;4. Ti^o ftofxn dach end.;.-.o.., 507' 
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Number of Wires Wei^t lifted 

soldered to iho in Pounds 

Battery in sue- avoirdupois, 

cosaion. 

6. Wires attached 570 

9* All the wires attached 650 


plate of twelve inches long and 
J six wide, and surrounded with 
I copper, substituted for the pre- 
^ ceding battery 



When a pair of plates, exactly one iruih square^ was 
attached to the wires, the weight lifted was eighty-five 
ppimds. 

Professor Henry mentions that this magnet weighed 
twenty-one pounds, and lifted more than thirty-five times 
its own weight, whereas the largest natural magnet 
known, and in the possession of Mr Peale of Philadelphia, 
lifits three hundred and ten pounds, or about six times 
its own weight. 

MM. Lipkens and Qaetelet found that great effects 
will be produced by small voltaic surfaces, provided that 
the chemical action is energetic, and that the degree of 
magnetism depends more on the size of the iron shoe, 
than on the dimensions of the voltaic plates.* 

The horse-shoe iron magnets formed by electrical 
currents are only temporary, and it became interesting 
to discover the time of duration of the magnetism. Mr 
Francis Watkins made some interesting experiments on 


this subjectf He found that when the armature or 
keeper is removed from the two poles of the magnet, it . 
instandy loses all its magnetism when the 
current is cut off ; but t]bat if the a/mtedwre ie 
the poles, the soft wiH ; 

. « 'i' 'ij^' ' 
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for a great length of time. Mr Watkins made a horse- 
shoe bar with a piece of soft iron eighteen inches in 
length and one inch in diameter, and he rendered it 
magnetic by winding round it in a single helix twenty 
feet of copper wire one-fifteenth of an inch thick. The 
ends of the copper helix being connected with a single 
pair of voltaic plates, the horse-shoe, when rendered 
magnetic by the current, supported 126 lbs. The vol- 
taic action continuing, the weight was reduced to 66 lbs. 
and the voltaic plates removed; the weight was also 
carCfaUy tiemoverd, so as not to displace the armature or 
keeper. The sustaining power of the horse-shoe was 
then tried every day> at the end of ten days it sus* 
tained 56 lbs. as firmly as it did at first. Another horse- 
shoe bar charged with magnetism in November, was as 
powerful, and rather more so, in April, than it was at 
first. After a lapse of fifteen weeks it frequently sup- 
ported 30 lbs. This soft iron magnet was tried at the 
Duke of Sussex's house on the 27 th of April, and^ though 
nearly ski mondis had elapsed since it received ffie magnetic 
virtue,, it supported 100 lbs.; but the instant that the 
]!teq)er ^as separated from its poles, almost all the mag- 
netism disappeared. When the keeper was again applied^ 
there was not enough of magnetism even to support th^ 
keeper. 

Mr Watkins made some interesting experiments on 
the hf^iog powers of soh iron magnets when plates of 
mica qf thickness were ini;e^pO|9ed 

poles and ihe'^ei^er. The was of the elee and 

shape already stated^ but Mr Wa);k{i38 has not mentioned 
the successive thicknesses of the mica plates, nor docs 
he state that they were of equal thickness. Had he 
mentioned the tints which each of them polarized, it 
would have been easy to compute their exact thicknesses* 
The following were his results ; 
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dt of Plfttoa of 

HninliMe of Pounds suppnted, 


i)«edsi.tte Ksepor. 

1 


2 

40 

8 

06 

4 

17 

5 

'W ■■ 

6 

I 6 ■ 

7 

4i 

8 


9 


10 


11 

i 

la 

OJ 

13 

0* 

14 

The keeper only. 

IS 

0 


When a pUce of common miting paper vtba p1ao0d be« 
twoen the poles and the keeper, 26 lbs. were supported 
bp the magnet. 


6 eot « < 2 ^ Jtt. Aimia mt^ud of 

Pamae^ : 

-'nu method; whibh baa been recently pabHshed bp 
M. Aimd,* h one equally simple and efficacious. It is 
fbunded on the facts described in tbe preceding section, 
and boDsists in holding a bar of red<hot steel pin'. 
Ceint.batweon the two poles N S of a horstHihoe wifjidM' vy 
rendered magnetic by an electrical oximixt- 
shoe and the Induded bar, which, 
space between .l^e poles,' ar'e. then . ' 

end ht^t ' there ffi« d. ttttle dnifailpg 
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of the real magnet, till the bar is thoroughly cold along 
its axis. In order to prevent the brass spiral wire that 
is curled round the horse-«hoe bar from being wetted 
when the apparatus is under water, the extremities of 
the wire are enveloped in a piece of linen covered witli 
mastic. The ends of the conducting wire should be 
soldered to the zinc and copper ends of the battery. 
M. Aim6 .employed a single wire for the spiral round the 
horse-shoe ; but be observes that several may be united 
in a bundle, or. a copper riband may be used covered 
wit4 silk or varnish. In all the different trials that 
M. Alm6 hto made of this method, he has obtained 
satisfactory results. 


Sbot. XV . — Account of the EosperimenU made iy Couhmh 
and Kater^ on the efficacy of the different methods of 
making Artiffml magnets. 

.Coulomb was the first person who examined experi- 
mentally the value of the different methods of making 
artificial magnets. The . following is a brief abstract of 
his results. 

1. Wires 'of tempered steely twelve inches tang and one^ 

' twentUA (f an inch in diameter. 

right angles on the .polo of a Wgl® 
pscfltotiops in 

seveaty^fi^ seppqds/ 

When nibb^ ' at'Hglit smglefi ilpori the poles of four 
united bacr^Ma^ets, dr. magnetiz^ by the method pf 
' Duhamel anct i^inus, it performed the saipe number 
pf oscillations in tbe same Hence small steel 

, wir^ I, attain their maxiipnni. degree of zpagnetisyu 
. eqiualiy well by all tbe different meidiods* 
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2. A plate of annealed steel twelve inches long, one-third 
wide, and oneforty-secondqfan inch {hick. 

When rubbed at right angles on a single pole, it per-* 
formed ten oscillations in seventy-seven seconds. 
When rubbed on two united poles, ten oscDlations in 
seventy-five seconds. 

Wlien rubbed on ten poles, ten oscillations in seventy- 
five seconds. 

By the methods of Duharael and TEpinus, ten oscillations 
in seventy-five seconds^ 

The effect of the different methods is now perceptible, 
the first being the ^rsu 


3. A plate of steel six and a half inches long, nine twenty*^ 
fifths wide and one forty-second ihich 

When rubbed on two poles, ten oscillations in fifty-one 
seconds^ 

Upon five poles, ten oscillations in forty-nine seconds. 

Upon eight and ten poles, ten osdillations in forty-seven 
and a half seconds. . 

By Duhamel^s and t^pinua^s methods, ten oscillations in 
forty*<aeved and a half seconds. 


4. A plate eight inches lo’ivg, fourteen twenty f^is wide, 
and one twenty fifdi thick. 

When xtibbed upon one pole, ten oscillations in seventy^ 
three seoonda. 

Uponjft?<r poles, ten oscillations in sixty-two seconds. 
Upon tm poles, ten oscillations in fifty-nine seconds.. 
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At an ihcUnation of IB** or 20*^^ on two poles, ten oflcilla- 
, in fifty-three seconds. 

At the same inclination on/o«r and ten poles, ten oscilla^ 
tions in forty-nine seconds. 

By Duhamel and ^pinna's methods, with one or more 
bars on each side, ten oscillations in forty-nine seconds^ 

5* Bot of steel ^ieen inc7ies laixg^ m imShs vAde^ and 
one-fifth diUik^ 

By magnetizing it on ^pinus^s method, with two 
moveable bars rubbing on its surface, it performed ten 
oscillations in a hundred and ton seconds, and was found 
to be saturated. By Duhamel’s method, it required 
moveable bundles of ibur bars each. 

G. Bar of steel sixteen inches Umg^ one inch broads and 
nine twentyfifths iJdch* 

When magnetized by ^pinna's method, with bundles .of 
four, or even ten bars, it performed ten oscihatlops in 
a hundred and ffty-three seconds. 

But by l>uhamel*ls method, with even ten bars, it only 
performed ten oscillations in a hundred and sixty-two 
, seconds# 

, Hence the magnetic force communicated .by the first 
, method, was to that of the second as nine to eigh^* 
^ptain £ater made a series qf int^^ti^g 
on di^otiye ^ce of needles,; 
methods bf magnetlieing tbem^ needles which he 
used Vvere tight-at^lbd parallelograiina, five inches long, 
^ one se^e^-tehthe of isn inch broad, and the other 
half-tenths: The broadest was made thinner 
as the other, ^hich was 142 
f^ble cemt^irus tb^ resdt df 
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Dlrectiye Force. 
Small . Large 
Needle. Needle. 

1. The magnets placed perpendicu- 
larly on the centre of the needle, 
and the needle rubbed from end to 

end on both sides 655 674 

The same, but the magnets sepa- 
rated at top in the same way as at 
bottom 595 580 

8. The same as number one, but the 
distance of the lower ends of the 

magnets two and a half inches 760 780 

4. The magnets joined on the centre 
of the needle, and each moved to- 
wards the nearest pole, then lifted 

up and joined again, and so on 993 1155 

5. The magnets being joined on the 
centre of the needle, their lower 
ends were made to move to cadi 

' pole, tlieir upper ends remaining 
in contact 1025 1150 

6. By Duhamel's method, the magnets 
inclined 45** to the needle; and 
moved from the centre to the 

poles 1070 1170- 

7. The same, but the inclination of 

the magnets 20’’ * 1085 1195 

6. The same, but the inclination only 
• ^orS" XI 60 1275 

9. Magnets laid flat on the needle, 

and drisWn from the centre to the 

end.,,., 1158 1261 

10* Same number eight but the se- 
parated enda of the magnets con- 
nected by an iron wire.,,...»M..P»». 1145 1261 
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Directive Force. 
Small Lar^ 
Needle. Neeme. 

11. Wire removed, and experiment 

number eight repeated 1260 1273 

12. Needles hardened at a bright red, 
and then softened from the centre 
to within three-fourths of an inch 
of their extremities, and magnetized 

as number eight.., 1615 1665 

GaptAin Eater next ascertained the e&ct of length * 
on fhe directive po^er of needles, fie out two needles 
of equal weight out of the same plate of steel, the one 
being^ve and the other ^ght inches long. 

13. Magnetized to saturation as in num- 
ber eight 1193 2275 

14. Hardened and tempered beyond the 
blue, from the middle to within an 

inch of the poles 1865 2277 

Hence it follows;, as Coulomb bad ascertained, that the 
directive force of needles whose length exceeds five 
is probably as their lengths.* , 


♦ TVofiff. 1821, p. Z04. 
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CHAPTER XL 


DESCRIPTION OP MAGNETICAL INSTRUMENTS^ 

The great importance and value of magnetical instru- 
ments, not only in the arts of navigation and surveying, 
but in the determination of the various and ever-changing 
phenomena of terrestrial magnetism, renders it necessary 
that we should enter with some detail into this branch of 
the subject. As a magnetic needle constitutes the prin- 
cipal, if not the essential part, of the greater number of 
fnagnetical instruments, we shall begin our observations 
with some details respecting the forms, description of 
steel, temper, and construction of magnetic needles. 


Sect. I* — On the beat Form and CoTistruction of Chmfiose 
Needlea, 

The most valuable experiments on this subject arc 
those made by M. Coulomb and Captain Kater. Those 
of Captain Kater are particularly important. 

With regard to the material out of which the needle 
should be formed, Captain Kater found that needles of 
«Aear. ^£9S^received a greater magnetic force than those 
of bliater steel or spur steely those of cast iron being much 
inferior to the others. 

.The next object of inquiry was to ascertain the form 
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of tbe neodle which is best suited for receiving the great- 
est directive power. The forms which have been gene- 
rally used are, the cylindric, the prismatic, that of a 
rhomb or a parallelogram, and that of a :0at bar which 
tapers to its extremities like an arrow. According to the 
experiments of Coulomb, the form last mentioned, une 
lame taVUe en was the best, and was susceptible 

of a greater directive power than those which had the 
form of a parallelogram. He fbund that any expansion 
of the needles towards these poles was accompanied with 
a loss of powei: ; and he drew the general condq^ion, that 
in lieedles of the same form, their directive forces are 
■proportional to their masses. Captain Eater likewise 
found that the directive force was little, if at all, influ- 
enced by the extent of its surface ; but that it depended 
almost wholly on the mass of the needle when it was sa- 
turated with magnetism. 

Captain Eater compared needles that had the form of 
a wide . and a narrow rectangular parallelogram, and a 
sma}l rhombus, a large rhombus, and apucrood rhombots, 
and* he found that the foimi of the pierced rhondiuB is de- 
cidedly the best. A needle of this form (the sides of the 
rhombus are a little rounded in the figure,) as made by 
Dollond, is shewn in the annexed figure, the cross piece 
at tjie centre being made of brass or copper. 


Fig. 8^. 



With regard to the best mode of hardening and tem- 
pering needles, Captain Eater found, that when a needle 
is' cons^erably hardened throughout, its capacity for 
magneJ^tm U diminished. He fimnd that the needle was 
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susceptible of the greatest directive power when it was 
first hardened uniformly at a red heat, and then softened 
from the middle to within an inch of its extremities, by 
using a degree of heat which is just capable of making 
the blue colour, which is thus produced, to disappear. 
Captain Kater likewise found that the polishing of the 
needle, previous to its being touched, had no advantage ; 
and that an increase of pressure of the touching magnets 
on the needle was sometimes injurious, and never useful. 

When the needle is magnetized, it has a cap cc fitted 
into the opening in its centre, seen in fig. 82, and about 
one-fourth of an inch in diameter. This 
hollow ca^ is executed with great care, Fig. 83. 
and is generally made of agate, (garnet is 
much better.) The interior curved surface, 
particularly the summit of it, requires the 
best workmanship. This summit rests on 
the pivot n, the point of which is wrought 
to an angle of from about to 20°.* 

The use of the ring a a is to raise up 
the cap of the needle, and take it from the pivot, wlieii 
it is not in use. The rod or handle r of this ring is con- 
tinued to the outside of the compass-box, where it can be 
put in motion, so as to disengage the needle from its pivot, 
or replace it at pleasure. 

When a compass-needle is nicely balanced on a pivot, 
previous to its being magnetized, so as to traverse freely 
in a horizontal plane, it will no longer do so afler it has 
been rendered magnetic. One of its ends will preponde- 
rate, in consequence of the tendency of the needle to dip> 
or pine itself in a position parallel to the magnjetic axis of 
the globe. In or^r to restore iu equilibrjiltx^ therefore, 
it is necessary to add a small weight to one side of tlie 

* doulon^ Mm. de T InkiUut^ tom', iu. li^ shewn tlmt thU is the best 
angle for pivots. 
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needle, as shewn in fig. 82. The weight requisite for 
this purpose will increase with the dip, so that it may be 
necessary to slide the weight farther from the centre in. 
going towards the magnetic poles, and vice versa. 

As the needle of ordinary compasses is generally placed 
upon a card on which the various points of the compass 
are marked, in stormy weather it is necessary to give 
weight to the card, to preserve'it steady during irregular 
mptions of the vessel. Various contrivances haye been 
adopted to remedy this evil. The usual method is to 
Ipad the with sealing-wax. Some place pieces of 
paper, like vanes, on the lower side of the card, to act 
against the air, and check the vibrations ; while others 
have proposed to make the needle move in oil or other 
liquid, with the same view. The consequence of these 
contrivances is, that while the weight of the card, or its 
resistance to motion, is increased, the directive power 
of the needle remains the same, so that in getting rid of 
one evil another of greater magnitude is created. The 
mobility of the needle is diminished, and the steersman 
xnay mis-mke his cPurse by trusting to the apparent stea-^ 
diness of hh compass. 

The simplest remedy for 84. 

this evil is to use a 
heavier needle, with a 
gceater directive power, 

:ThiB 

proposed by ' 

Barlow, who consthiots 
the card as shewn in the 
a0>wd %ure, where 
the card, and 
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five parallel needles placed at equal distances. Mr 
Barlow has shewn that the directive force of this combi- 
nation of needles is nearly four times greater than that 
of a single needle ; but as the weight and friction on the 
pivot is increased nearly in the same proportion, no other 
advantage is gained but the proposed one (particularly 
requisite in boat compasses) of making the card? steady 
by their additional weight, while the relative directive 
power remains the same. 


Sect. — Description of the Common and Azimuth 
Compass. 

The common compass, whether it is called the maru 
ner's compcLSs or the land compass^ serves only to point out 
the direction of the magnetic meridian, while azimuth 
compasses enable us to determine the angular distances 
of objects from the magnetic meridian. 

The common compass consists of a needle fixed to a 
circular card, containing upon its surface the thirty-two 

Fig. '85, 


824 TREATISE ON MAGNETISM. ' 

points of the compass* This card is balanced^ as already 
.described, upon a ^ivot fixed in the bottom of a circular 
4iox, and, the top of the box is a plate of glass for protect- 
ing the needle from motions of the air. This compass- 
box, shewn at AB, fig. 85, is suspended within a larger 
box PQ, upon two concentric brass circles or gimbals, 
the outer circles being fixed by horizontal pivots both 
to the inner qircle, which carries the compass-box, and 
Hkewise to the outer box, the %w,o axes upon which the 
gimbals move being ^ right angles to each other. The 
eilect of this construction is, that the compass-box AB 
will retain a horizontal position dlliring the motions of 
the vessel. 

The azimuth compass (fig. 85.) differs from the common 
compass principally in its being furnished with sights G, H, 
through which any object may be seen, and its angle with 
the magnetic meridian increased. For this purpose, the 
whole box Is hung in detached gimbals CD, EF^ which 
turn upon a stout vertical pin, seen above S'. In some 
instruments^ the sights G H may be turned down by 
a jpkit Qvec the glass when the compass is not in use, 
as in the annexed figure ; and in others they are 

connected by a 

brass bar, and may Fig. 86. 

be taken from the 
Compass when they 

the ' 

on its rim ^ 

860*^; hot thedivi- 
siooB are more fre- 
i^ently placed on a light metallic rim which it carries. 
Mje is applied to the sight IJ, which is a slip ofhrass 
contsinkrg a iarrow slit. The other sight G, which h 
tbw^ds object, contains an oblong epertwe, 
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along the axis or middle of which is stretched a fine 
horse-hair or wire, which is made to coincide with or 
pass over the object or point whose angular distance or 
azimuth from the magnetic meridian is to be determined. 

It is extremely difficult, when the ship is in motion, for 
the same person to take the bearing of the object and 
read off the angle ; and various contrivances have been 
adopted to remedy this great defect. One of these is to 
have on one side of the compass-box a nut, which, when 
pressed by the finger, pushes a lever against the card, 
and stops its motion, so as to allow the angle to be read 
off at leisure ; but a false reading is often obtained with 
this contrivance. 

Sect, III. — Acc(yant of Captain Katei^s Azimuth 
Compass. 

This ingenious compass may be regarded as an universal 
instrument, capa- 
ble of being ad- 67. 

vantageoiisly used 
both at sea and on 
land. It is repre- 
sented in detail in 
figures 86, 87; and 
88. In fig. 87, A B 
is a cylindric box 
made of brass, one 
inch deep, and 
poveredwith glass, 
and contains acard 
C D, five inches 
in diameter. ' The 
needle N S has an 
agate cap set in 
btnss, and fixed in 
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its centre. The needle is fixed to a circular piece of 
talc, on the circumference of which is laid a narrow ring 
of card, which is graduated to half degrees on its outer 
margin. On the inner side of the box 
there is fixed a standing piece of ivory, 
which just projects over the outer mar- 
gin of the graduated circumference of 
the card, and an index-line is engraved p 
on the ivory as a point of departure for 
reading off the divisions on the card. A 
brass sight-frame GH is fixed by a hinge 
at H, on the opposite side of the box. It 
has the form of a parallelogram, and is 
five inches long. A frame EF, two inches long, slides up 
and down upon GH, and contains the segment of a glass 
cylinder, whose radius is five inches. When the solar 
rays fall upon this cylindrical bar, they are collected into 
foci, which form a line of light, which is thrown upon the 
index-line of the piece of ivory, and which may be seen 
at the same time as the divisions on the card. The 
fraine GH, when folded down as shewn in fig. 86, acts 
upon a lever L, which raises the needle NS, and prevents 
it from traversing, by pressing it against the glass cover. 

The sight-hole to which the eye applies itself is shewn 
, at F, figs. 87 and 88. It is an inch ^om its binge to its 
but may be raised higher by means of grooves, 
in ^ br^ch below the joint covers as seep in 

thefig^. The u^nght, plane adit 
below ip a cun^ar t^evinane,. wj^ch lens. 

To this is fixed a borizobijal ^ene Ft,. haying a lens in its 
centre ; and above this, inclined to it at an angle of 45^, 
is placed a mirror M, by means of which and the lenses, 
aft eye looking through the lens below S sees magnified 
, 4^ di'Hsions on the card, distinct vision being produced 
be sight upwards or downwards, 
to ta|ce the sun’s azimuth, raise the object- 
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sight GH, and slide the cylindrical lens EF till its lumi- 
nous line or focus falls upon the index. The eye-glass 
sight P is then to be moved up and down till it gives dis- 
tinct vision of the index-line on the ivory. If the line of 
light is not narrow and well defined, incline the sight GH 
towards the compass till it is so, care being taken that the 
sight is perpendicular to the horizon, between the obser- 
ver and the sun. When this is effected, incline the com- 
pass to the observer, so as to check the oscillations of the 
card, by bringing it in contact with the index and two 
pins fixed near it for the purpose. When the card is 
made steady by tbo repetition of this, taking care that 
the compass is inclined as much from the observer as 
will just free the card from the index, and that the line 
of light is bisected by the index-line, this lens will indi- 
cate on the card the azimuth of the sun required, which, 
when the correction on the card is applied to it, will give 
the true azimuth of the sun from the magnetic meridian ; 
and by means of this element and the observed altitude, 
the variation of the needle may be obtained in the usual 
way. 

In using this compass for surveying, tlie cylindrical 
Jens is slid to the top EG, and the hair or wire GH is 
then seen ; and when this hair is made to bisect any 
object seen by direct vision, we have only to read off the 
azimuth of that object as seen on the card viewed by 
reflection. 

By turning back the reflecting sight P round its hinge, 
the line of light may be viewed on the index, and the 
angle read off by direct vbion, — a mode of obsei^yaitiO'il 
which has its advantages. 
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Sect. IV. — Account of the Variation Compass, 

The very complete instrument for measuring, with the 
nicest accuracy, the variation of the needle, and ascer- 
taining its diurnal changes, which we have represented 
in the annexed figure, was constructed in Paris, we 


Fig. 89. 



believe by M. .Gambey, and has been described by M. 
Pouillet. All the parts of it which are of metal are exe- 
, cuted in copper. A table NN of white marble supports 
the ipillars and case of the instrument. The columns C, 
i^^^hoee by which the needle is suspended, and E, F, 
^ which support the microipcope 3 /jbe 

box:<^r0ie sh^wb ai B, aod 

AA' is placed Jp flm ooppe^? ring o p, tb»^hich is 
fastened a wire or , a number, of silk threads without tor-^ 
sion, which suspend the needle, and which may be rolled 
round the small cj^linder seen between o and and 
, tui^ed round by the milled head e. This wire is kept in 
. jthe ^t^e of the little graduated circle cd, \)y crossing at 
a small triangular aperture. The wire is en- 
asha^l cage of glass, wliich rises between the 
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two columns C, D, in order that the air may neither be 
agitated, nor penetrate into the box. By turning the 
milled head the needle A A' may be raised or depressed 
at pleasure. Two moyeable panes of glass shut up the 
apertures A A of the box, which are above the two 
ends of the needle. Upon each of the extremities of the 
needle there is firmly fixed a small plate of ivory muy 
bearing a very minutely divided scale, each of the 
divisions having the angular value of 15^ or 20^ 

When the apparatus has been placed as nearly as pos-^ 
sible in the plane of the magnetic meridian, and carefully 
levelled, we must see that the silk thread is without tor- 
sion ; and by a few trials the microscopes M, M', may be 
directed so as to see the zero or index of the ivory scales 
at the ends of the needle. It is then easy to observe the 
displacements which the needle experiences, either by 
counting the divisions which have passed under the wire 
of the microscope, or by following its motions by means 
of the screw by which the microscopes arc moved. Small 
microscopes, one of which is shown at a, and moveable 
round the rods &,/, aro used to read off the position and 
course of each microscope M, M' along the bar which 
carries it, and which regulates its lateral motion. 

The telescope T is used for counting more conveniently, 
and consequently more oorrectly, the oscillations of the 
needle, when we wish to employ it for measuring the 
magnetic intensity. It carries before its object-glass a 
mirror, which reflects the vertical rays along tho axis of 
the telescope. 

Sbc^. DMHptim of Colmel VMaiion 
JVonstV. 

This Instrutnent, ivhioh wab employed by Colonel . 
^eaufoy in the valuable tei’ieS of magnetic observations 
.which ha mede betw^n the years 1818 and 1821, 
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presented in perspective in the annexed figure, where EF 
is a mahogany board, which forms the support of the in- 
strument, resting on three screws G, H, I, by which it 
Fig. 90. 



can be levelled. Above this is a fiat plate of brass EE, 
fixed tp the board by a centre pin, and resting upon 
three Btads projecting from the board. It has a small 
horizontal motion round the centre pin, by means of the 
screw W and milled head X. The plate EE carries the 
gradi^ed arc which is subdivided by the vernier D 
, from the box ddd containing the needle A A. 

This m the common centre piti .pf the, plate 

EE. In ?^kh parries the y^ieir; B is fixed 


the firame odi, ^hich is fiirmshed vdth a clanip^screw L 
to fasten it to the ^ and a tangent screw K, by 
which the box ddd can be moved round its centre pin. 

. centre pin of the box^ and plate EE terminates 
" ip ^Veufy&ne pivot, on which the needle A A is sus^ehdpd 
“ tif an agate cap B, for diminishing the Action. 

AA, which is a cylinder, io ten imdiea long: 
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and one dve-hundredth of an inch in diameter. It weighs 
sixty-five grains, and is terminated by two conical points ; 
and it is furnished with the usual lever, &c. for lifting it 
from the pivot of suspension and lowering it again. 
There are within the box and beneath the ends AA 
of the needle, two segments of brass, which have the 
centre lines drawn upon them ; and these lines are 
brought to the points of the needle when the observation 
is made, by observing the coincidence through the double 
microscope M, which can be removed to the opposite end 
of the box. 

The transit telescope OP rests on two pillars NN, fixed 
on the brass plate £E, and having at their summits small 
boxes/for the reception of the Ys, in which the pivots 
of the conical axis Q of the telescope are supported. At 
the end of one of the pivots of this axis is fixed a small 
divided circle on an arm of which, provided with a 
level S, are placed the verniers for reading oflF the di- 
visions. The eye-piece h admits a dark glass for solar 
observation, and the wires of the eye-piece are adjusted 
by screws at There is also a detached level TV, 
whose feet h I are placed in different directions upon the 
plate EE, for the purpose of levelling it. The use of the 
telescope is for finding the true meridian by means of the 
sun or stars, and the meridian should be indicated by 
fixed meridian marks. 

When the instrument is properly levelled, and the 
telescopo placed in the true meridian, the needle is 
allowed to settle, and the box dd is turned upon its 
centre till its mark comes near the point A of the needle. 
The clamp screw L is then fixed to the arc and the 
screw E, is turned till the coincidence of the index vrith 
the point of the needle is seen through the microsoope 
M to be perfect. The vernier D will then shew the 
exact angle of variation, or the declination of the needle 
from the true meridian. 
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Sect. VI. ~ Account of Dollond^ s Variation TrartsiL 


This instrument is shewn in the annexed figure. A 
brass pedestal CD, supported by three screws for adjust- 
ing it horizontally, forms the foundation of the four pil- 
lars which support the transit telescope AB, on the axis of 


Fig. 91. 


which is fixed the 
graduated circle 
E, provided with 
all the usual con- 
trivances for the 
accurate adjust- 
ment of the axis 
of the transit, and 
with microscopes 
for reading off the 
degrees. A cap 
or coyer> seen 

spparatdljr at a, 

a 

loos, k placed be- 
fore the object- 
glass of tele- 
in (H*der to 
fit into 

of the; Tens' b^og 
suited to tbe dis- 
tance of tbe nee- 

dte, seen between _ 

C sad and the divisions of the graduated circle in the 
ccpspa^arbpx CD, the centre of th|e lens, correspoikiipg/ 
vith tlwfr of th© object-glass/^ By 
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the correct place of the divisions, as well as of the needle, 
may be readily ascertained, and the extreme deviation, 
as well as its diurnal changes, accurately determined. 
This instrument may also be used as a theodolite, and 
employed for taking altitudes and equal altitudes. 


Sect. VII. — Descriptioyi of DollondHs Diurnal 
Variation Instrument. 

This instrument is shewn in figs. 82, 92, 93, and 94. 


Fig. 92. 



It is made of maliogany and ivory, in order to avoid the 
attraction supposed to reside in all the metals. The 
needle ns is supported by the silk fibre cbd passing over 
a pulley at b, and counterpoised by a ball d. The two 
microscopes, seen on each side of have two cross wires, 
which, by means of the nut, seen in fig. 9^, moving the 
^ftame to which the two verniers are attached, as well as 
the microscope, may be made to correspond with the in- 
dex-Jines on the ends of the needle ns, each end of the 
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Fj.. ' ^ 


needle being observed, in order to correct the error 
arising from eccentricity* The mean of these two obser- 
vations, as read off on the verniers, will give the angle of 
the diurnal variation*. The needles used with the instru- 
inenti are shewn in 6gs* 62. 94* ; and there is also a piece 
of brass, of the same fortn and weight as the needles, in 
order to detect any twist in the suspending fibres of silk* 
This instrument might be used for measuring the mag- 
; netic intensity, by applying a contrivance for discharging 
; required angle. The diurnal part of 

libla ^03^0^11^ was constructed for Captain Foster, who 

he Iti in 


Sect# VIIL ~ description of the dipping NeedJo as con^ 
* , etructed hy Messers Gilberts^ 

i, , needle was obs(^ved, bnd i& 

dbbovfered) ;inatrum€intig, of various (brine wer0 
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contrived and used under the name of dipping needles^ 
for measuring the dip or inclination of the needle to the 
horizon. One of the most recent and complete of those 
instruments, as constructed bj Messrs W. & T. Gilbert, 
is shewn in fig. 95, in perspective. It consists of R brass 


Fig. 95. 



plate CAB, supported by three screws A, B, C, updu a 
flat board or stand. ' In the centre of this brass plate is 
another, ED, concentric with the former, and moveable 
round a centre pin like the moveable plate of a thoodolito. 
This plate ED carries two levels at D for adjusting the' 
plate horizontally. Four supports, shewn at E and F, 
carry the circular box HQP, or principal case of the dip*^ 
ping needle IJS. Two equal brass bars, one of which is 
s^n at KL, are firmly fixed across the case in a horizon^ 
tai direction. Other two brass pieces n are fixed by 
screws to the centre of the bars K, L, and carry two 
finely polished planes of agate, on which the axis of tho 
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needle NS rests, and upon which it turns freely. There 
is a contrivance inside the box G, and on the other side 
of K> L, not seen in the figure, by which the observer^ 
by turning the milled head P, can lift, by means of Ys, 
the needle from the agate planes, or loiter it upon them, 
at pleasure ; the Ys being carefully adjusted, so as always 
to leave the axis of the needle on the same part of the 
agate planes, and in the centre of the divided circle. In 
this instrument' the ends N S of the needle are gradu- 
ated so as to act as a vernier scale for subdividing the 
degrees of the divided circle into 6'. A microscope is 
attached to the rim of the glass face, so as to be easily 
placed on any of it, for the purpose of reading of? 

the dip. In this instrument the length of the needle 
NS is six inches. 

In order to Obtain an accurate measure of the dip, 
several measures of it should be taken i firsts with the 


face of the instrument to the east ; with the faco 

to the west ; and the same observations repeated after 
the polarity of thO needle has invited, , the 
' north pole concerted into a south pole, and the south iii$0 
a north one. ^e mean of theSb four sOts of observa- 
tions will be the true dip required* 

An account of Mitchell^s dipping needle, as constructed 
by ^an-ne, for the Board of Lbngitilde, will be found ih 
^ for 1772, p. 470. The needles were a 

aod the ends of the axes,, which were made of 
on &iption fiwir 


A cWpiioaded for de- 

termining the dip at sOa, is deaai^bdd in the PhiL Tr<m^» 
1776, p. 79. 

" , dipping, needle USed by the Royal Society, and 

\ mode] for instruhients; of this Jcqad, is 

"‘z '' YVdfiA* fct t4776,' 

df the needle rested' "aga^ ^aiftes. 
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and there was a contrivance, as in Gilbert’s instrument 
above described, for raising and turning the needle upon 
the same part of the planes. 

In one of M. Gambey’s dipping needles, executed at 
Paris, and intended to be used at St Petersburg, the 
axis, instead of being cylindrical, is a knife edge, as in 
delicate balances. This edge is placed exactly in the 
centre of gravity of the whole compound needles, and is 
80 fixed, that when the needle dips 71° (as at St Peters- 
’burg,) the edge rests perpendicularly on two agate plates. 
Such dipping needles, made for particular values of the 
dip, are admirably fitted for measuring minute variations 
of inclination, whether they be diurnal, menstrual, or 
annual. 


Sect. IX . — Account of Mr Scoreshy^s Magnetometer, for 
measuring the Dip of the Needle, 

This ingenious instrument consists of a horizontal table, 
a leaf, or part of which, made of brass, may be set by a 
ecrew and pinion at any angle to the horizon ; and this 
leaf contains, near one of its edges, two rings, through 
which we can pass a bar of soft unmagnetic iron, so that 
its length is perpendiculjsr to the axis or line round which 
the brass leaf moves. On .^e same side of the leaf, and 
concentric with the above axis, is a graduated circle 
divided into 360°, so that when the bar of iron is put 
into the rings of the brass leaf, the bar coincides, in 
every position of the leaf, with a radius of the divided 
circle; a^d it is therefore easy to measure the epgie 
which the bar makes with the horizon, whatevjsr be'i tne 
position' of the , leaf on which it rests. ^ A compass is 
placed on the fixed leaf of the t^l^ vrii-icb' by means of 
levels may be adjusted to a horizontal position. 

Kow it has be^n ascertained, l>y J^rSchdow^ tliat when 

p 
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a bar of iron is in tbe magnetic equator, it loses all its 
power of affecting tbe needle of a compass placed near it- 
Mr Scoresbj therefore elevates the brass leaf of tbe table^ 
and consequently tbe bar of iron, till it ceases to act on 
the needle, and tbe complement of the inclination of tbe 
bar, as measured by the graduated circle, is tbe dip 
required. This method is of course not equal in accuracy 
to that described above, or to thfe methods of Meyer 
and Professor Lloyd, explained in subsequent sections. 
It may be used, however, most advantageously in ob- 
taining an approximate measure of the dip when more 
delio^e ipstrumenta cannot be procured. See the 
Edivburgh Transaciions^ voL ix. p. 247 ; and the Edin- 
burgh Philosophical Jofwtm^ vol. ix. p. 41. 


Sect. X. — Accat^ of Daniel J^emoullfs Dipping 
Needle* 


If A B is a needle, C its axis, i;a. light gr^^ed mrcle 
D B ^ G is fixed uppuat,, so as tp jha^e its qoinci- 

,dent with AuA a ligbt icdexi P is fitted to the axis C, 

V Pig. 96. 





joetixed j^ev^Sa^ the Index P,, and 

baianc^* will, pbviabsly destroy the 

gqjlliipbti^ perpendicularly to 

has bp^n properly balanced. As 
] nqpTOEMc^ hPweni^er,, capppfc he pxpeotedv 
^ M iet, to ififferejat pacts., of tbe, circle 
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E F G, and let tlie inclmation taken by the needle before 
it is magnetized be noted down^ corresponding to the 
different positions of the index. When the index points 
to 50% for example, let the inclination of the nee^e be 
46®. If we now observe that the needle is still inclined 
46®, when the index is at 60°, after it is magnetized, 
then 46° is the true magnetic dip at that place, as the 
magnetism which it has received does not alter the 
position which it assumes from its gravity alone. 

As it is easy to obtain a rude estimate of the dip at 
any place, let the index D be set accordingly, and if the 
nee^e does not now shew the estimated dip, the position 
of the index cnust be changed, and the inclination or dip 
of the needle again noted. Observe if this second posi- 
tion of the index, and the second measure of the dip, 
form a corresponding pair of numbers, such as have been 
written down. If they do, we have got the true dip ; 
but if they do not, another position of the index must 
be tried. If the coincidence of this new pair of numbers 
is greater or less than that of the former pair, we shall 
learn whether the position of the index is to be altered 
in the same direction as before, or in an opposite one. 

Robison made several observations with a difiping 
needle of this con^true^n, \irluch iwas execvul^d bj a 
person totally u^aG<}^flioted the naabing <^f sufcdi 
instrumentsr He mea^jsdi w^stat€ronetadt, 
at New Tork, and JSciacbpsough,i and tU result, never 
deviated more than from fbat; by the, pre- 

sent dipping needles. He tried it also in^a sough sea, 
in Leitk Hoa^ and he founds it . not 
in despatch^ tq the W 

ipents., 
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Sect- XI . — Account of Mayer^s Dipping Neddie as 
constructed Jfor Captain Sabine. 

The method of observing the dip employed by the- 
celebrated Tobias Mayer,* consists in separating the 
centres of motion and of gravity of the needle, and in 
deducing the true dip from the apparent dip thus obtained. 

The needle executed for Captain Sabine on this prin- 
ciple was a parallelopiped 11^ inches long, ^ths broad, 
of an inch thick. The ends were rounded, and a 
line drawn on the face of the needle, through its centre 
to its extremities, for the purpose of an index. The 
needle turned upon a cylindricsd axis of hell-metal, ter- 
minated by cylinders of the smallest diameter that could 
support the needle without bending. These small cylin- 
drical ends rested upon agate planes. The needle was 
raised from or lowered to its support by Y s, which 
ensured that the same parts of the small cylinders rested 
on. ]dLe ^ate planes in each observation. 

,A ^sdi steel screw was inserted in a female screw, 
tapped on the lower edge of the needle, in a direction 
perpendicular to the index line ; and a small brass sphere 
was made to traverse on this screw, so that the centre of 
^graVUy needle, screw, and sphere, may be made to 
the axis of motion, and thus give 
the auis^fl^y to diat 

in '.in the 

axi^, bt in V ibi position which 

the needle assunu^ libese circumstances, is not 

that, of. the true dipping; needle ; but, by a sinple formula,, 
the true dip may be deduced from four observa,tiohsy 
. /cpfiidvictGd in foUowfng manner : — 
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1. Place the needle in the magnetic meridian, and 
observe the angle which it makes with the vertical. 
Call this angle M. 

2. Reverse the position of the axis on its supports, so 
that the edge of the needle, which was uppermost in the 
preceding observation, is now lowermost, and observe 
again the angle which the needle makes with the vertical, 
and call this w. Let the poles of the needle be now 
reversed by means of a powerful magnet, and when it is 
replaced, make the same observations which have been 
already described, and call the angles thus obtained N n. 
Then calling the sum of the tangents of M and w = A ; 
the difference of the same tangents = a ; the sum of the 
tangents N n = B, and their difference = h. Then the 


dip A may be obtained flrom the following formula : — 

COM.. i = i 

■ \ o + o + 

In order to ensure the perfect horizontality of the agate 
planes, or of the axis of the needle which rests upon 
them, a spirit level attached to a circular brass plate, 
with adjustments to bring the level parallel to the plate, 
was placed upon the planes themselves. The errors of 


the level were shewn by placing the plate in various 
posil^ni^ and the ericors of the planes, by turning the 
whole instrument on its horizontal centre^ 


J£ we observe the inclination of the dipping needle to 
the horizon in two different p^itions, so that the planes 
in which it moves are at right angles to one another, the 
true dip may be obtained from the formula 


cotang. *A z=: cotang. + cotang. *1', 

^ inclination in the two rectangular azimuths being I, 
and F. The dip may be thus very accurately obtained 
from the mean of a . number of observations in different 


azimuths^ 
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Sect. XlL~AccoufU of Professor Lloyds method of 
observing the Pip' and the Magnetic Intensity aS dte 
same time^ and rmth the same InStriiment 

Tbe ordinary dipping needle employed by Professor 
Lloyd, is supported on an axis which is supposed to pass 
accurately through its centre of gravity, aftd hence the 
position which it tahes hi the maignetic meridian is the 
direction of the magnetic force. If one of' the arms of 
the needle, however, is loaded with a weight, the needle 
will assume a new position of equilibrium under the 
united influence of gravity and of terrestrial magnetism. 
By means of the inclination of the needle**thus obtained, 
and the amount of the added weight, the dip of the 
needle and tbe magnetic intensity may be obtained 
by the following formulse. Let be the statical 
moments of two small weights attached in succession 
to the seu^ern arm of the needle at fixed distances, 
irom its ^^tre, and 4 inclination obtained 

tbe weight /ti and ^ that obtained with y. Then 
cos. ^ = p o' sin. (d — 
p cos. = p (T sin. (d — 6) ; 

the dip being denoted by d, and the magnetic intensity 
by depending oh the distribu- 

the needle hseifi H^e fidom 
ibe Mdiii obs^rvM' in ^ 'ijssthA ntatuier, 

and the dip and the 

relativemajgiietic'inl^Bfilt^ wS herhbfaraed nt the seVerhl 
plaxjes of observation. 

Ttue motet advantageous way of implying the preceding 
mietlMid Professor Lloyd considers to be this^ Bh' 
observes tbe position of the needle, when unloat^ ^ 

; secon^y^ when loaded with a weight; snfficient ta 
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bring it into a position nearly perpendicular to the line 
of the dip. 

Now, if =5 0 , we shall have or the inclination 

first observed becomes equal to the dip, when there is 
no weight acting with or against the directive force. 
This condition, however, is never accurately fulfilled; 
for, from the imperfect coincidence of the centre of gra- 
vity of the needle with the axis, the weight of the needle 
itself is sufficient to deflect it from the true line of the 
dip. We must, therefore, regard ^ as the approximate 
value of the dip, and compute the correction for reducing 
it to its exact value. 

Fbf this purpbse, put g = - j and dividing the first of 

the above equations by the second, we have, 
cos. ^ _ sin. (^) 
i cos. & sin. (3 — ' 

Then, if we make 3 + a, the second term of the pre- 
ceding equation becomes . , ^ since s is a very 

small quantity, and we have 

cos. 8 

H epee we may find the dip by means of these two 
equations, and we may deduce the correction for an 
imperfect balance of the needle firom the two observed 
inclinations, without reversing the poles of the needle, 
as in the method of Tobias Mayer. 

The value of the co-efficient § in the last equation is 
given in the following formula : — 

COB. Osin. 

^ COS. ^ Bin. (3 — 8 ) - 

The magnetic intensity at diflereht stations may be 
obtained firom the dip by the second equaUon. 

The quantity being the stidjcnl amount of the free 
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xnagnetism of the needle, or the magrietic moment^ must 
vary with the temperature. If r is the temperature of 
observation, r' a certain standard temperature, and </ the 
corresponding value of cr, then, if we suppose the changes 
of tf to be ppoportioDal to those of r, we have 

a being a constant to be determined by observation, and 
which Professor Lloyd found to be 0*00016. 

The quantity p is the sum (or difference) of the 
moments of tb^ Weight of the heed^, of the added* 
weight, and its vsiltie fs: 

V =r / (1 — e cos. 2 X), 

where ^ is the value of v corresponding to the latitude of 
45°, X the latitude of the place, and e a constant whose 
value is 0-002588. Hence we obtain for the magnetic 
intensity 

V cos. ^ , 1 — e cos. 2 X 

^ ~ o' sin. (8— — <* (r— /)’ 
an expression peculiarly adapted for logarithmic compir- 
xation. See MmxArs of the Boyal Irisk AcadmU} 1835ih 


Sect. XIII. — Description of Mr Foafs Dipping Needle 
Defi^tor^for measuring, the Variation and Dip of the 
Ne&Ue^ and the Magnetic Intensity. 


tmoi^ )lptn€l> Of teirescriax miagoau6m> nas ueen 

pretXj m pd'rW of 

the unlt^ tesoAts ibawp been published, 

both in a table, and in a chlsrfci in an extract from the 
JReport of the Royal Commdl Polytechnic Society for 
1 836. 


'the deflector is shewn in the annexed figures, where 
A is a', oylii^rioal box of brass, fixed vertically in the 
Bbem & fmd hdrkbntfd plate C, all' of which can be turned 
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Fig. 97- 



round on their common axis D, ground into the centre 
of a tripod, two of whose legs are shewn at £ and F. 
The graduated circle in C is subdivided by a vernier 
and tangent screw G, levels being placed at right angles 
to eaph othei^ for adjustment. The needle ns, with a 
Bcxiall grooved wh^l a fixed on its axis, is supported by 
the concentric disc o, and a bracket e attached to the 
disc, the axis of the needle moving in jewelled holes. 
The disc o is accurately fixed into the back of the box, 
and may be turned round with the bracket on its axis 
by means of knobs on its back, shewn in the annexed 
figure* By this contrivance the bracket may be moved 
round to any convenient position, so as not to interfere 
with the dip of the needle in any latitude. 

The socket v, fixed to a brass spring, when pressed 
forward by the screw m, is intended to confine the ends 
of the needle when not in use. There are two parallel 
graduated rings, one of which is a little within ,the outer 


340 


lUfiATisE ON 


Fig. 98. 



surface of the dipping needle, as Bbe^wn at oo, fig. 97 ; 
the other ring, supposed to be removed in the figure, is 
immediately under the glass, its object being to direct 
the sight, and enable the observer to subdivide the 
degrees on the inner circle. A thermometer is she^ 
at t The bank of the. dipping needle box is shewn In 
fig. 9B ; the back of the moveable Central disc is grooved, 
and a brass rod is drawn over the grooved surface in 
order to the needle vibrate. 

' 1 A telescope A B, having cross wires, is capable of 
in a vertical plane in any direction, by 
ring e, grooved .intor 

tl^ 'And 

famished Vi* Att right angles to 

the telescope, has a TeraiOr'finr'Sultdjiriding the graduated 
circle on the back of the box. A smaU tubo DE Ar 
splw; obsemtions, is fixed parallel to tbe telesoppe. 
Tikis t^e ihas a convex glass at D, whose iboal'lata^ Is 
/caifafor loager than the tube; and (het'eara jkUiba g^laas' 
tt-B) '»^'«<Bit(tdl eircidar spot on dt^^'wliidh finlA8,,wi<iih 
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the concentrated light of the magnifying glass, a distinct 
annular image on an ivory or plaster of Paris surface 
at e. Magnetized steel hsLVS are placed in the brass 
tubes ns, 8 flu Their posi- 
tion, as well as that of the Fig- 99, 

telescope, when not in use, 
is shewn in fig. 99, the n 
and 8 poles of the magnet 
being brought near the ^ 
and n poles of the dipping 
needle in the box, in order 
to induce a uniformity in 
their Telat^eatates of mag- 
netic intensity. < Hotea 1 1 
are made in the tube of the 
telescope, to allow the mag- 
nets to be passed through 
it, and screwed into the 
arms which hold the tele- 
scope. This is shewn at n and s, fig. 9®, which repre- 
sents a side view of the box, and the places of the magnet 
wil^ employed for ascertaining the intensity. Screws 
foi; ,fixing the ring and glass cover over the face of the 
instrument, are ehewn at a a. Fig. 100. repre- 
sents a grooved wheel fixed in the axis of the Fig. 100. 
needle a, with a fine silk thread, having hooks 
at each end, passing over the wheel in the 
grooves. 

The following rules for using the instrument 
aregiven by Mr Fox : — 

Xp oibs^e the magnetic variation4 — Ascer- 
tain the ttu^ meridian by any of the usual 
methods ; the small tube being used for < solar 
observations, and the telescope for observations at night. 
Note the angle cut by the nonius on the circular plate C- 
If the plate be turned round 90® from that point, the 
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face of the instrument, or rather the plane in which the 
needle moves, being parallel to that of the tubes, will be 
at right angles to the plane of the true meridian. The 
deflecting tubes n s having been removed from the back, 
turn the instrument round gradually^ so that the needle 
may become perfeotly vertical after vibration; friction 
having been employed several times at the back of the 
central disb. Fig. 98. ' 

The face of the instrument will then be at right angles 
to the plane of the magnetic meridian ; and the angle 
described on the circular plate will give the . variation 
from the true meridian. The iace of the instrument, 
however, should always be turned round to the opposite 
quarter, till the needle again becomes vertical, which 
■will either confirm or correct the preceding experiment, 
by taking half the difference between the two obser- 
vations. 

To ascertain the dip. — The face of the instrument 
having been made to coincide with the plane of the 
magnetic meridian, suppose it to be at first turned 
toward the east ; note the exact dip at hoik ends of the 
needle after vibration, as before described, (this precau- 
tion should, in every case, be carefully attended to, and 
repeated several times ;) then turn the face of it toward 
the west, placing it in the same plane, and observe and 
note as before ; the mean of these observations will give 
th,e dip*' 

To correct the observed dipi — The instrument being 
sini in nugnefiip plane, and fixed in tb^ poisUW by 
means ot the levftr, or clamp, connected with the nonius 
screw on one of the deflectors at right angles to the 
tube, as shewn in fig. 99, so as to repel or deflect the 
^nd of the needle which is nearest to it; then, if the 
^served dip wa^ 69° 45^ move the deflector a certain 
fiuipber 'of &^e,es from shewn hy thd nonius 

i^ht of;il^ whan 1^ needle will 
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be repelled in the opposite direction ; suppose the mean 
angle at hotk poles of the needle^ after frequent vibra- 
tions, to be . • • . . 54° 33'' 

then move the tube 50° to the left of the dip, 
when the needle will be repelled in the contrary 
direction ; suppose it to stand at . . 84° 47^ 


Mean, . 69© 40' 

If the face of the instrument, whilst making these obser- 
vations, should be towards the east, turn it round towards 
the west, adjusting it in the same plane, and repeat the 
observation ; if the mean result should be . 69° 46' 

the mean or corrected dip will be . . 69° 43' 

Similar observations may be multiplied at pleasure, 
by varying the angles of the deflector from the observed 
dip ; and by thus taking the mean of many observations, 
the true dip may be obtained with a great degree of 
precision. 

To find the relative intensity of the terrestrial magnetism. 
— The instrument being still in the plane of the magnetic 
meridian, screw the deflectors (or one of them) into the 
arms at the back of the instrument, as shewn in fig. 98, 
and cause the latter to coincide with the direction of 
the dip, when the needle will be repelled from it ; mark 
the angle to which the needle points at both ends, (after 
repeated vibrations, as before described,) then cause the 
needle to swing back to the other side of the dip, (one of 
the deflectors being temporarily removed for this pur- 
pose,) and note its place as before : half the sum of the 
angles to which the needle is thus deflected (or rather 
df their sines) will represent the relative , force of the 
terrestrial magnetism, at different places, . on a needle 
thus circumstanced. It is desirable that the observations 
should be made with the face of the instrument turned 
towards the east as well as towards the west ; and like- 
wise only one deflector may be used as well as both of 
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them^ in-order 'to vary and multiply the observations for 
the purpose of correction. 

If ^e angle of deflection at a second place of obser- 
vation should be greater or less than at the first, the 
force of the earth’s magnetism will be inferior or superior 
to the latter, as represented by the difierent angles. 

The amount of any such difference may, when required, 
be represented by weights. For this purpose, the glass 
w'hich protects the face of the instrument should be 
removed, . and the silk thread placed on thO gt^oeved 
wheel, as shewn in fig. 100. The minute weights required 
to be' suspended to one of the hooks, in order to bring 
the needle to some given angle from the actual dip, will 
indicate the relative magnetic intensity at different sta- 
tions. Suppose, for example, that at a given place, the 
observed dip is 70^, and that at a second place, in a 
lower latitude, it is 45^ ; adjust the deflectors as before 
described, so as to coincide with the dip of the needle 
at the place of -observation, whatever it may be. Assume 
that the needle is repelled 70° from the dip of 70° at 
the first, ^don, and 80° from the dip of 45° at th^ secoud 
station ; it will ^ew that the terrestrial magnetic inten- 
sity is greater at the former than at the latter. The 
weights required to be suspended to one of the hooks, 
in order to bring the needle to its original position of 70° 
frqpi the dip (if that be taken as the standard} will indi- 
cate the /difference of intensity. Thus, for instance,' if 
five-peti^S ofiA gra^ be required to bring the 
fi-om the of 809 to that of fO*" firom ithe 

dip at the second: station, this will indicate the 

difference of the magnetic intensity of the earth at the 
tu)o stations, acting on the needle in question, when at 
an angle of 70^ from the natural dip. 

The ratio of this difference to the whole force of the 
toirrCBtriad so acting may be ascertained by 

, mhiring defflectors to the angle of 70° fi’om the dip, 
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(bdcatise' the needle is assumed to hav'e been deflected 
to this angle at the first station ;) the needle will then 
be repelled to the opposite side of the dip, and the 
weight requii^d to counteract the deflection suflBknently 
to bring it back to the dip will represent the whole 
influebce of the earth’s magnetism at the first station^ on 
the’ needle, whilst at the angle of 70° from the dip: 
This will be evident, when it is considered' that the 
angle between the needle and deflectors is in both 
instances the same ; it being coerced, contrary to the 
repelling force of the deflectors, in one case by the 
earth’s magnetism, and in the other by the weights, to 
the< dip or line of quiescence^ the earth’s magnetic force 
acting on the needle so deflected, and the weights will 
therefore be equal to each other. If 3’34 grains be the 
weights required, and five- ten tbs of a grain equal to the 
difference between the two stations, the terrestrial mag- 
netic intensity will be in the ratio of 3’34— *6 = 2*84 at 
the second station, to 3*34 at the first station. 

From the observations which have been already made 
with the dipping needle deflector, fijmisbed with a needle 
less than si^ inches long, there is good reason to believe 
that it will clearly indicate a difference of intensity at 
{flaces skuafted kt less than one half a degree of latitude 
fi*om each other. 

Obsehrations on the magnetic intensity and dip may 
likewise be made imtlioutihe defiecims^ by means of the 
weights only, suspended from the silk thread, shewn in 
fig. 100. This method is too obvious to require a minute 
deaOription, the weights in this case being used to pnd** 
duoa deletion from the dip at any place, instead of' the 
magnetic deflectors ; the weights required to cause a 
given amount of deflection being taken as the relative 
measure of the magnetic intensity at the place of obser-- 
vation. Thus, in the case: before' supposed, 3*34 grains 
would produce a mean deflection of 70° from the dip at 
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the first station, and only 2*84 grains would do so at the 
second station. 


Sect. ^lY,—A€count of JLebaiUif^s Sideroscope, 

The object of this instrument, proposed by M. Lebaillif, 
is to detect minute degrees of magnetism, by means of a 
veiy delicate combination of small magnetic needles. 
This apparatus, which he calls a sideroscopCj is shewn in 
the annexed figure, where A B C D represents the body 


Fig, 101. 



straw, twelve or fifleen inches long. One of tliese 
"ft is slid into the tube wft and the others 
^ across the straw, so that. thjeir dissi- 
milar pol^ cme^q^. straw thus up is 

placed upon a sniafl ^krup of kiuch is suspended 
by a silk fibre fixed at the top C of the vertical tube of 
glass or wood C D. The portion mho^ the tube of straw 
is the longest, and it is beneath its extremity m that 
there is placed on the bottom of the cage or box A B, an 
wch rrr, divided into degrees and half degrees.. The 
ppijtioxi has np directive force, as. the action of the 
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earth is neutralized in the twQ opposed needles a'l/, 

But the portion mh has a directive force depending on 
the magnetism of the needle ab, on its length, and on 
its distance from the point of suspension. The cage has 
a small sliding door, tp^ which shuts up the apparatus ; 
and when an experiment is made, the aperture at if is 
brought opposite the extremity a of the needle. 

M. Lebaillif has proved that almost all bodies exercise 
some action on the needle, and that antimony and bismuth 
always exert upon it a repulsive force. M. Pouillet, from 
whose work we have taken this description of the instru- 
ment, is of opinion that the movements of the needle 
may be often owing to atoms of iron ; and that we must 
not take it for granted that, in these phenomena, the 
magnetic force is the only one which is acting. 

Sect- ^Y^—Desoriptum of iJie Astatic Needle* 

This instrument, described by Fig. 10^. 

M. Pouillet, is called the astatic 
needle^ because it is withdrawn 
from the action of the earth^s 
magnetism, and has no longer 
the statical position in which it 
is in equilibrio with the influence 
of this force. The construction 
of the astatic needle is founded 
on the principle that a body 
which is moveable round an axis 
receive any motion from 
h fbrde wWoh acts parallel to this 
axis. 

The astatic nendle is repre-* 
sented in the annexed figure, 
where n s is a magnetic needle, 
moveable round the axis ab. If 
this axis is placed in the direction 
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in ivhich terrestrial magnetism acts, the needle will rest 
in any position. This effect is easily produced by two 
motions perpendicular to each other, one of which is 
obtained by the milled head S', which, by an endless 
screw on its axis, worka in the teeth of the wheel C, and 
the other by the milled head S' and the wheel D, the 
graduated circle AB shewing the positions of the needle. 

Another contrivance for an astatic needle is shewn in 
the annexed %ure (lOS,) where two needles A B, A' B', 
perfectly alike in their form and magnetic intensity, are 
tamed in opposite directions, and placed upon the same 
axis perpendicular to their length. 

A more perfect compensation in the action of two 
needles is shewn in Bg^ 104, where A'B, A'B, are the two 


Fig. 103. Fig- 104. 



needB^ the on^ horizontal the mother inclined to the 

ho^rizbrii Qi; ||^ ., obvious that the. doreetive '^rioe pf tlie 
latter wlil aUgWnt with its inclinatbQ, atad It^ 
easy to make the dkecstive fcrtcesttf e«* pkSocitly equal 
and opposite, by varying theiinclinatioa of the uppermost 
one. These two contrivances we owe to M. Pouillet. 

A m^netic needle may also be rendered; by 

neutraliring the action of the earthy by meaBSV>f an, equal 
and, opposite ma^etic action. Fplrrihiaipi^i^oai^ we beye 
A potrerful |bar-o»§iiiat ^ Aj.'voiMkldMb 
4li B t a M e fl iSam' we -needle; aa that -ijp.niiit W' 
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powetfhlly as the earth does. It should be placed in the 
magnetic meridian^ parallel to the direction which the 
needle tabes when it is in equilibrio, the pole of the bar 
which repels that of the needle being placed nearest it. 
When tho bar is placed near the needle, it will cause it 
to wheel round, in consequence of its action entceeding 
that of the earth. At a very great distance, bn the con- 
trary, the earth*s action will predominate, and draw the 
needle into the magnetic meridian ; but an intermediate 
distance will be found in which the two actions exactly 
balance or compensate each other, and render the needle 
astatic.* 


Sect. XVL-^ Account of Barlow * s Correcting Plate or 
Magnetic Compensator neutralizing iike effect of 
Local Attraction on the Shipps Compass: 

As every ship contains large fixed masses of iron, 
besides moveable iron guns, anchors, cables, and iron 
utensils of various kinds, it is obvious, from the principles 
and experiments already detailed (see Chapter Y. &c«) 
thRt tbeae masses, rendered temporarily magnetic by the 
action of the eatth^ ;mirst produce derafig^enta in the 
magoetro needlea of the nompasses on boards These 
derangements amount sometimes to 15^ or and have 
exposed navigators to the most immihent perils. Mr 
Wales, the astronomer to Captain Cobh’s expedition of 
disoovory, first discovered the fact that such a deviation 
but he does not seem to have suspected its 
Mr JDownie, master of his tnajest/s ship Glory, 
was the^drsir jparson who pointed out the true origin of 
the deviation. I am convinced,’’ says he, that the 
^tuantity and vicinity of iron in most ships have an effect 

* See PimiUare Mtmm ^ iii. obap. 
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in attracting the needle; for it is found by experience 
that the needle will not always point in the same direc- 
tion when placed in different parts of the ship. Also it 
is rarely found that two ships, steering in the same course 
by their respective compasses, will go exactly parallel to 
each other, yet these compasses, when compared on 
board the same ship, will agree exactly."'* 

In his survey of the coast of New Holland, in 1801 
and 1802, Captain Flinders observed great differences in 
the direction of the needle, which arose only from 
changes in the direction of the ship's head, the direction 
being westerly when the ship's head was to the east, and 
vice versa. Hence he concludes, that the attractive 
powers of the different bodies in the ship which are 
capable of affecting the compass, are collected into some- 
thing like a focal point or centre of gravity, and that this 
point is nearly in the centre of the ship, where the shot 
are deposited, for here the greatest quantity of iron^is 
collected together.”t He likewise supposes that this 
magnetic centre is of the same name as the pole of the 
hemisphere where the ship is, and, consequently, that in 
New South Wales the south end of the needle would he 
attracted by it, and the north end repelled ; and from 
this hypothesis he concludes that the phenomena must 
be exactly the reverse in the northern hemisphere. 

, The Admiralty ordered a course of experiments to 
be made on this important subject, but though they 
established the truth of Captain l^inder^s views, the sub- 
ject was not fr|pthpr prosecuted. , The public Wtenttion, 
however, was agdn called tp it Mr B^ip, who, in an 
excellent treatise on the variation of compass, pointed 
out the fatal consequences which might result from this 
great source of uncertainty in the indications of the 
needle. The observations of Captain Ross, Parry, and 

* Walker on Moffneiism, 17^4, cited by Prof Barlow. 

t Trans, 1805, p. J88, 
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Sabine threw additional light upon the subject ; but it is 
to Professor Barlow alone that we owe a series of brilHant 
e:KperimentS) which terminated in bis invention of the 
neutralizing plate, for correcting in a perfect manner this 
source of error in the compass* 

In order to give an idea of the magnitude of this error, 
Professor Barlow, has published the following table of 
deviations actually observed : < 


Ship. 

Place. 

ObserverB. 

Deviation in 
tho compass. 

Conway 

Portsmouth 

Captain Hill 

4° 32' 

Leven 

North fleet 

Captain Owen 

6 

7 

Barracouta 

Ditto 

Captain Cuttfield 

14 

30 

Hecla 

Ditto 

Captain Parry 

7 

27 

Fury 

Ditto 

Captain Hoppner 

6 

22 ' 

Griper 

Nore 

Captain Clavering 

13 

36 

Adventurer Plymouth 

Captain King 

7 

48 

Gloucester 

Channel 

Captain Stuart 

9 

30 


The instrument employed by Professor Barlow is 
shewn in the annexed figures, where T is a rod of cop- 
per an inch and a half in diameter, and FF two plates of 
iron about twelve or thirteen inches in diameter, and of 

Fjg«,105. Fig. 106. 
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such a thickness that a square foot of it will weigh about 
3 lbs. avoirdupois. These plates are separated by a cir- 
cular sheet of card, and pressed against each other at 
their centre by a screw on the end of the rod T, and at 
their margins by three small screws of iron. The com- 
pass C is placed on the tip of a wooden box B, and the ^ 
corrector T is placed in one of the holes in the side of 
the box. 

The adjustment of the plate is made when the ship is 
lying, in a calm bay near the shore. An observer with a 
needle, and theodcdite is placed at son& distance fVom the 
shore, from which he can perceive the ship while it is 
turning its head in different directions. The compass 
on board the ship is under the managep^ienL of another 
observer with the same apparatus. At aaignal given the 
observer determines the angle which his own needle 
makes with the axis of the telescopes (one being directed 
to other,) which is, palled the central line. But as 
the needle oh shore experiences no disturbing action^ it 
is evident that if the needle on 8 hip< 4 ) 0 ard also expe- 
rience hone^ the two needles will be parallel^ and will 
fdrm the i^me angle with the central line. Hence the 
difference between these two angles when they are not 
the same is. that which is produced by the magnetic 
action of the iron in the vessel from its compass needle 
at, the instant of observation. Let the vessel be now 
lhade Co turn round completely, and let a new observa- 
tion be iRt every azimuth of ten or twelve , d^^s ; 
we sbc^l then huV^e the value ^ ^ deviation produced 
in all pOsitiohs; .of .the ship’s head upon the compass 
needle. ^Vhen this is don^ the observer on shore t^es 
awey his com|)a8s and replaces it with that of tlie ship, 
which he nets bn the wooden cage shewn in JL05, 
having didbr^t Juiiles for receivmg the axik T bf the platp 
FF. As thebo^ turUed round Its axis, it <sarrles 
along with it the cbmpejoiMitor F F^ whicii will aiRsqt the 
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needle of the compass C differently in different azimuthsj, 
and by a few trials it may tie adjusted, by means of the 
holes of its axis T, to produce the very same deviations 
in the compass as was produced upon it when in the ship 
by the action of its iron. When it is done, the position 
< f the centres of the plate FF with regard to the needle 
is completely marked, and when it is taken on board the 
ship and placed in its proper position, the compensator is 
adjusted on the stand which carries the compass, as 
shewn in fig. 106, so as to have exactly the same relative 
position as it had in the box B. 

Now, since the compensator produces the same effect 
as the iron on shipboard does, thQ deviation will be doubled 
in place of being corrected ; but this furnishes the means 
of making the correctiou. If the variation is found to be 
36° W. by the compass udihout the compensatoTy mi after- 
wards 40° with the compensator, the difference 40« — 36° 
=z 4° shews that the compensator augments the variation 
4°, and the iron on board the vessel as much. Hence the 
true, variation will be 36° — . 4 =, 82°, or 40 — 4 — 
32°.(>^If the observations with the compensator had given 
a less result than without it, this would have shewn that 
the action of the iron had diminished the declination, 
and the difference of the two observations must have been 
added to the fifst, to have the true declination. 
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CHAPTER XIL 

THBOEIES OV MAONBTIBM'. 

The phenomena of magnetism, like those of every 
other bratich of physics, have afforded the groundwork 
of many absurd and wild theories* The hypotheses of 
liescartfea and Euler, which created in the interior of 
magnetic bodies canals and valves to admit or obstruct 
subtile matter, to the agency of which they ascribed the 
attractive or directive power of magnets, are too ridi- 
culous to deserve any notice in the present state of the 
science- 

M. JEpinus of St Petersburg was the first philosopher 
who discovered a rational hypothesis^ 'which explained 
pearly all the ph^omena of magneti^tn* This hypo- 
thesis of one fluid, however, of which we have already 
given A '^ft account in our history of the science, was 
found ihsvtfficienli fbr explaining the phenomena which 
are exhibited in the division and fracture of inagnets ; 
and though itVas susceptible of a correction, which con- 
i^stjed in ^hsideting a magnet as composed of small par- 
tidOs of uon, each of Which has individually the pro- 
perils of a separate, magnet, yet it did not afford, a 
complete expiabation of all the magnet^b phouoinena. 

The hypothesis of two fluids, first prbposed 

by'V^Uckeand Brugtntmn, Was, established by M.Coulomb> 
and ha^ij^ntly been perfected the tnasterly investi-' 

of Poisson, not only constructed 

tua, to calculate all 
has enhibled 
' ]^|ifloal]y 'bjniiw ^ ' the ' pibenoinari'a 
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have been produced* The general equations at which 
he has arrived have not yet, in every case, been resolved; 
but the particular conditions under i^ich the integrations 
are possible, have already, as we have stated, exhibited 
the most happy coincidence with experiment. 

The hypothesis of two fluids, supposes that they reside 
in each particle of iron; that they are neutral and inert 
when combmed, as in soft iron ; and that, when they are 
decomposed, the particles of the austral fluid attract those 
of tho boreal fluid, and vice versa while they each repel 
one another. 

In order to account for the phenomena of the division 
and ftacture of magnets, it is necessary to suppose, that 
when the united fluids are decomposed, the fluids undergo 
displacement only to an insensible distance. The minute 
portions of a magnetic body within which the motions an d 
displacements resulting from decomposition take place, 
or in which magnetism exists, are called the 
dements of that body, and the small intermediate spaces 
where magnetism is not found, tho non-magndiaelamente. 
It is impossible to determine whether the magnetio de- 
ments are the intervals which separate the ultimate atoms 
of materiid>.bodies, or if they are the atoms themselves ; 
nor can we ascertain whether they are the intervals be- 
tween an aggregate number of atoms, or of a secondary 
molecule, or tho aggregate members themselves. The 
theory regards the sum of the magnetio elements and of 
tlm non-megnetio elepaants af forming the apparent 
volume of a body. The ratio of these two sums may 
ohai:^ with the nature and temperature of the .ba4y; 
tmd ^se dumps eKernite a powerful itiflias^ P'imCha 
dIstrlbiUjhn ana lately of > 

The quantity of eadi fluid in o'vety ttagnisti^o element is 
unlimit^ in reftirenoe td our ppWm qfsepatat&g .them, 
as the united fluids eon neyer h^Oi^pietely decomposed. 
The fbeoe which pcev^. thih;;4^mpoBitipn, uid also 
■ ■ a " ' ' 
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the recombination of the fluids, is called the ooeroive force, 
and, like that of friction, it cannot be completely over- 
come. In soft iron, this coercive force is extremely 
feeble. In the natural loadstone, and in steel, it is very 
powerful, varying in intensity in different kinds of this 
inetah 

One of the most important consequences of the theory 
of Poisson is, that a magnetic needleir whose size is So 
stpall that it exerts no sensible action on an iron sphere 
within which it is placed, will intercept the magnetic in- 
fluence of the earth, and of all magnetic bodies without 
the Sphere ; and, in like manner, such a sphere will inter- 
cept the action of a magnet within it on all bodies without 
t. Another interesting consequence of the theory is, 
that in a hollow iron sphere, magnetized by the influence 
of the earth, or of any magnetic force, the origin of 
which is at such a great distance that it may be con- 
sidered as acting in parallel lines, although the magnet- 
ism is not confined to. the surface of the sphere, and 
though its intensity may be deterpadned apy particular 
point of the solid mass of the shell, yet it lii de^mmed 
only by the radiu&of the external surface, and the co- 
ordinates of the point upon which the forces act. When 
, this point is very remote from the centre of the sphere 
compared with its diameter, each of the three forces is 
bearly in due direct ratio of the cube of the radius, and 
in, the inverse one of the cube of the distance* 

^ ippwon has likewise applied hie powerful mind to 
the explab^n of iiie 

produced by ro,tafiirfh» his 

theory mokes in order tb'eXplaih tbe phenomena of mag- 
netism, induced by influence, he adds another, namely, 
diat:ail bodies exert upon the boreal and austral fluids a 
, ispaoies of action analogous to the resistance of media, 

! which abtion has the effect of retarding the motion of 
ip l^e interior of the magpetio elements ; 
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and he conceives that it is this species of resistance, and 
not the coercive force, which has an influence over the 
magnetic phenomena of revolving bodies. Hence, if we 
bring a magnet near any body on which the coercive 
force is insensible, and in which the magnetic elements 
are in any proportion, the decomposition of the neutral 
fluid will begin immediately, and will continue till the 
action of the free fluid is in cquilibrio with the external 
force, which will certainly take place if this force is con- 
stant in magnitude and direction. But if it varies con- 
tinually, or if the loadstone changes its position, the two 
fluids, in place of arriving at a permanent state, will move 
in each element with velocities dependent, other things 
being equal, on the resistance wUch the substance of 
the body opposes to them. 

It is needless to enter into any farther details respect- 
ing this very ingenious theory, as the recent discoveries 
of Mr Faraday respecting electro-magnetic induction 
have enabled him to give a most satisfactory explanation 
of the diversified phenomena of magnetism in motion. 
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